= ie Sel : 
rea 
era i= 


s Sear oy ieee 


; : Soe - : ioe q fi . So Sad 
ce ee 2 igs oe Ks pay - ee re : sietace i. Sg oe od oC 
Le ah phagh ha Fp, S, et ne ep i a ae ae ott Say 2S tea5 3 cae os <3 E 
eta. = a . h pear ay gp : ie ae * i ¥ se ee ae see Set Tor sae ee 3 £ ete 
ee a q ‘. JES i r . . # A PR wn tata ete 


: 2 
A - : ar. ‘ - *. 
eat at Se, = tage 
ex 


~ 


isis 


55 


+ 


ra} 
a 
ek 
Aree» 
nat 


* 


Npasan ath k 
mieSeeetoee 


tng ack 
oF) 


Wi 5-e* 


++ 


* 
he oe Pe 
vick he 


askew 
a 
veg 
" 


% 


' OF MEDICINE 


/4dl1 IWNOILVYN 


/ OF MEDICINE 


7adl1 IWNOLLVYN 


fe ae ee | a 


Health Service 


‘uoypoNpZ ‘YyyjOey 


NATIONAL LIBRARY OF MEDICINE 


Q F4 
a 4 
a 

= ¢ 
> 5 
3 > 
~~ = 
Cc no] 
c c 
a ee o 
JINIDIGAW JO AAV 
(eZ e 

2 

g 3 
$ 2 
wn wu 
o « 
< £ 
n el 
oO o 
re 


NATIONAL LIBRARY 


“PW ‘Dpseyieg 


US. Department of 


ANIDIGIW JO AXV 


jo juewjsodeg sp 
Bethesda, Md. 


NATIONAL LIBRARY OF MEDICINE 


‘uolo2npz ‘ysJ09} 
Health Service 


‘uolp2NpZ ‘ysJDe}} 


JINIDIGAW JO AY 


ES 


< 


Vd ‘21Dj/aAA PUD 
41 Welfare, Public 


agi] IWNOLLVYN 


OF MEDICINE 


yall IWNOILYN 


¥al1 IWNOILVN 


i 


“PW ‘Dpseujeg @21AJ8S YyJD8}H DN GN ‘e10j/8 AA pud ‘uouponpz ‘ysPeH jo juewysndsg ‘s/f ‘PW ‘Dpseyjeg 


jo juewysodeg sp 


Ag ‘2405/8 Aq pud 


-AINIDIGAW 4O Ad 


US. Department of 


Bethesda, Md. 


Ra 


JINIDIGAW JO AYVYAIT TIWNOILYN 


adi: 


H 


Health Service 


NATIONAL LIBRARY 


and Welfare, Public 


ve 


OF MEDICINE 


JNIDIGAW JO AYVAGIT TWNOILYN 


Health, Education, 


NATIONAL LIBRARY 


US. Department of 


JINIDIGIW JO AYV 


Bethesda, Md. 


NATIONAL LIBRARY 


= 


o 
2 

Fs 
a 
3 
x 
v 


1 Welfare, Public 


L% 


OF MEDICINE 


ye 


¥gl7 IWNOILVN 


Ba 


OF MEDICINE 


4911 IWNOILLVYN 


Sy 


pd ‘2404 |9M puo 


jo juewjsodeq Sfp ‘PW ‘Dpseyjeg @21A8S YOO} 21QNg ‘e4D4}9 A PUD ‘uoloonpZ ‘ysjDe}} jo juewjsodeq Sp “PW ‘Opsayjeg 


‘uo1o29p3 ‘ysJO9}H 


a, § 4 : 
™ LZ a .e @ £ 
ce No Ly 8 gD 8 
3 . fa = 3 
= . 
RY OF MEDICINE NATIONAL LIBRARY OF MEDICINE NATIONAL LIBRARY OF MEDICINE 
a. e c 
agg 7) me] nv ie} 
a Oo = 9 = 
3 m? s 5 m 
¢ Ye 3 g 3 
Z ry F | 4 
H 3 3 a \ 2p 
2 2 
3INIDIGSW 4O AYVYGIT IWNOILYN INIDIGAW 4O AYVAAIT IWNOLLVN 
: = x : 
3 ij 8 3 g 
a, = Fa = ra 
fN m 3 7 es Ns 
aes. = G = < = 
¥ ° ° 
e 8 8 
AR) OF MEDICINE NATIONAL LIBRARY OF MEDICINE NATIONAL LIBRARY OF MEDICINE 
yg ; Q 5 aw Q 2 
3 & 3 a 3 
¥ a a 
@ z.4 5 5 $ 
es z 7 2 a £ 
aa 3 o rm) o 
#3 : > = ? = 
2 Es E ¥ ' E 
ee ; a ® 
AYWUGIT TWNOILYN 3JNIDIGAW 4O AYVAGIT TWNOLLYN ANIDIGIW 4O AYVAYGIT TWNOILYN 
4 ——4 = 
es = ec 
Ps 2) x 8 
3 z 3 2 3 
aa H = > o 
= s é . : 
3 3 j 3 
ARY OF MEDICINE NATIONAL LIBRARY OF MEDICINE NATIONAL LIBRARY OF MEDICINE 
= oe ‘oO ‘Oo 
z : : g : 
3s 7. . E rf E 
54 a S a 3 
j K if Q 
3 - $ a ee 
e = = = ‘ S . 
4 4 a 4 a $ 
4 INIDIGAW 4O AYVYGIT IWNOILYN INIDIGAW 4O AYVUGI1T TWNOILYN 
9 
: g 3 c 
3 3 3 3 
Pe <= 
: 3 i 3 
Q = 
NATIONAL LIBRARY OF MEDICINE NATIONAL LIBRARY OF MEDICINE 
x x © 
Ey g 3 3 
= 3 = 3 
m m 
= £ 4 2 
3 3 5 3 
a o 
cis 2 
INIDIGAW 4O AYVYGIT WNOILYN INIDIGAW 4JO AYVUGIT TWNOILVN 


and Welfare, Public 
IIGNg ‘e404 )aq Puc 
and Welfare, Public 


199d '2404]2. Puc 


AN ELEMENTARY TREATISE 


ON 


PRACTICAL CHEMISTRY 


QUALITATIVE INORGANIC ANALYSIS, 


SPECIALLY ADAPTED FOR USE IN THE LABORATORIES OF 
COLLEGES AND SCHOOLS, AND BY BEGINNERS. 


BY | 4 


FRANK CLOWES, DSc. Loyp., 


FELLOW OF THE CHEMICAL SOCIETIES OF LONDON AND BERLIN; FELLOW OF 
THE INSTITUTE OF CHEMISTRY ; SENIOR SCIENCE MASTER AT THE 
HIGH SCHOOL, NEWCASTLE-UNDER-LYME; LATE SCIENCE 
MASTER AT QUEENWOOD COLLEGE, 


WITH ILLUSTRATIONS. 


ROM THE THIRD ENGLISH EDITION. 


PHILADELPHIA: 


HENRY C. LEA’S SON & CO. 
1881. 


| Se? SVs eee ee Ft 
F ; Eee LF osBe E 
a « : hee 
Or iiGl eee e ae 


aS ee gee 


PREFACE. 


Tuis little treatise was commenced to supply a course 
of Practical Chemistry to my own classes. I was encour- 
aged to proceed with it by finding that a want of a suffi- 
ciently elementary and explanatory Laboratory Text- 
book was very widely felt. 

It has been my aim throughout to give all necessary 
directions so fully and simply as to reduce to a minimum 
the amount of assistance required from a teacher. The 
language employed has been rendered simple and intel- 
ligible by avoiding the unnecessary use of scientific terms, 
and by explaining or paraphrasing in ordinary words 
any such terms when introduced for the first time. The 
directions how to work, and the descriptions of the prepa- 
ration and use of apparatus, have been given more fully 
than is usual, since my own experience, confirmed by that 
of other tata convinces me that one of the most seri- 
ous hindrances to the utility of many of the smaller Text- 
books on Practical Chemistry is the too great conciseness 
of the language employed, which frequently renders it 
unintelligible to the student unless supplemented by very 
copious verbal explanation from the teacher. 

Whilst making the very desirable amplifications above 
referred to, the book has been kept within small dimen- 
sions, partly by the omission of all such higher instruc- 
tion as is not required by a student of elementary chem- 
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istry, and partly by the insertion of the supplementary 
or merely explanatory portions in smaller type. The text 
has been supplemented by appendices containing matter 
suited to more advanced students. I have also ghought 
it best to avoid entering into any lengthy theoretical ex- 
planations. The modern teaching of chemistry is in prac- 
tice very appropriately divided into two departments— 
namely, theoretical instruction imparted by lectures or by 
the study of textbooks of theoretical chemistry, and prac- 
tical instruction imparted in a chemical laboratory by 
working according to the directions of a practical text- 
book. Since by this system the student has time and 
opportunity afforded him for the study of the theoretical 
and descriptive portions of the science, it is as unneces- 
sary as it is undesirable that his Practical Textbook 
should tempt him to bestow valuable time in the labora- 
tory upon the study of matters of theoretical—not prac- 
tical—importance. 

The analytical reactions and methods have been care- 
fully worked through from the text by myself and by the 
members of my classes ; the accuracy and intelligibility of 
their descriptions have thus, I hope, been secured. Only 
those reactions and methods which are commonly em- 
ployed for analytical purposes have been entered. I 
have naturally, in selecting analytical methods for an 
elementary treatise, felt it desirable that those chosen 
should be as simple and easy of execution as possible ; in 
some cases, however, methods which are most eligible on 
these grounds have proved on trial to be so inferior in 
accuracy and delicacy, that they have been abandoned in 
favor of others which are recommended by their trust- 
worthiness rather than by their simplicity. In such cases, 
however, I have also described the more simple methods, 


PREFACE. Vv 


since they may be employed in analyses in which minute 
quantities of a substance have not to be tested for. The 
reactions given in an elementary textbook must necessa- 
rily be limited as to number, and I have felt it advisable 
to introduce such reactions as are useful in general analy- 
sis rather than those which claim to be merely interest- 
ing and instructive. 

The book has been divided into seven sbi the 
contents of which are fully stated on pages ix-xv. The 
first six contain a good practical course for senior students ; 
this may, however, be modified to suit junior students, 
or those working: with a special object, as is shown in the 
Introduction. 

The seventh section contains full lists of all apparatus, 
reagents, and chemicals required in working through the 
different sections; there is also added a list of general 
apparatus, with a description when necessary of its con- 
struction and use. In this section there will also be 
found full and systematic descriptions of the most simple 
methods for preparing the different solutions required in 
analysis, with a statement of the strength most appropri- 
ate for each. Experience has proved that these are mat- 
ters which merit more attention than is usually bestowed 
upon them. The methods of preparing pure chemicals 
are omitted, since they may now be readily and cheaply 
‘purchased ; before using purchased chemicals their purity 
should, however, always be ascertained by the tests given 
in this section. 

Symbolic notation has been employed, instead of the 
full chemical names, throughout the sections on analyti- 
cal chemistry. In its most concise form this chemical 
shorthand conduces so much to brevity in writing down 
results that no other plea is required for its use. The 
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simple plan of labelling each bottle in the laboratory 
with the chemical formula as well as the name of its con- 
tents, will prevent any difficulty arising from this gen- 
eral employment of chemical formule. 

Special features in the book are the arrangement of 
all tables across instead of along the pages; the turning 
of the book is thus rendered unnecessary—a conveni- 
ence which will be appreciated by all students of Practi- 
cal Chemistry. 

The “Tables of Differences,” which contain for each 
Analytical Group a summary of the differences of be- 
havior of its members with reagents, are also special— 
being an extension of the system employed in Galloway’s 
“ Manual of Qualitative Analysis.” 

It is almost superfluous to mention that free use has 
been made of the standard works of Fresenius and Rose; 
much valuable information has been introduced from these 
sources. I have also frequently adopted the very conye- 
nient tabular form of entering analytical methods which 
is employed in Valentin’s “Textbook of Practical 
Chemistry,” and with the author’s permission have tran- 
scribed, with a few trivial alterations, the excellent Phos- _ 
phate Table devised by him. My acknowledgments are 
also due to Dr. W. A. Tilden, of Clifton College, and to 
the Rey. T. N. Hutchinson, of Rugby, and to many other 
teachers who have suggested valuable improvements. 

The book is especially intended to furnish a course of 
instruction in practical chemistry in the laboratories of 
our public and other schools. It will thus supply a de- 
mand which is rapidly increasing, as the value of a sound 
elementary instruction in practical science is becoming 
more widely appreciated, both as a means of mental 
training and as a preparation for the chemical and medi- 
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eal professions, as well as for many branches of manu- 
facturing industry and enterprise. The fifth section has 
been inserted for the use of those who are preparing for 
practical examinations in which proficiency in the analy- 
sis of simple salts only is required of the candidate. 
This is the standard fixed for the Preliminary Scientific 
(M.B.) Examination of the London University, and 
for the more elementary examinations conducted by the 
Oxford and Cambridge Universities, such as those for 
school certificates. 

The sixth section and appendices, however, contain 
additional details suited for the analytical work of ad- 
vanced students, and will be found sufficient to qualify 
a student for the higher University examinations in 
qualitative analytical chemistry. 


The present edition has been subjected to a careful re- 
vision, and the analysis of simple salts in Section V has 
been recast in a more simple and systematic form. 

F.C, 

NEWCASTLE-UNDER-LyME, January, 1880. 
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PRACTICAL AND ANALYTICAL 
CHEMISTRY. 


INTRODUCTION. 


THE course of practical chemistry which should be pur- 
sued by a student depends partly upon: his object in 
studying the science, and partly upon the time and means 
which he has to devote to the study. The first four 
sections and the sixth furnish a good general course for a 
senior student who wishes to obtain a training in practical 
and analytical chemistry ; but for vounger students, after 
completing the first three sections, the most suitable an- 
alytical course consists in trying through the reactions in 
Section LV, and as the reactions for each group are com- 
pleted, testing several substances containing only one 
member of the group for the metal present by the table 
of differences. The analysis of simple substances by 
Section V may then be worked through, and, after be- 
coming familiar with this, separations of the mixed mem- 
bers in each group are done, leading thus to Section VI. 
The modification which should be made in the student’s 
course to suit individual cases will, perhaps, be most 
readily understood by stating the objects of each section 
in the book: 


Section I is adapted to impart experience in chemi- 
cal manipulation, and to afford practical illustra- 
tions of the elementary portions of theoretical or 
descriptive chemistry ; it may be omitted when in- 
struction in analysis only i is required. 

Secrion II is indispensable, and must be carefully 
perused. 
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Section ITI is also indispensable to the student of 
analytical chemistry, but if the time at his dis- 
posal is very limited, he may omit the performance 
of the experiments described in this section, and 
merely read through the text. 

Section IV must be carefully worked through. <A 
student whose time is limited may, however, simply 
try the reactions and omit the performance of 
analyses at the end of each group. 

Section V is intended for students whose object is 
to learn only the analysis of simple salts, such as is 
required in many modern examinations on practical 
chemistry. 

This section may also be used as an easy begin- 
ning in analysis, and as an introduction to more 
complicated analyses to be made by Section VI, or 
it may be passed over by the student who is in- 
tending to learn general analysis. 

Section VI is not required by a student who is 
learning only the analysis of simple salts, but should 
be carefully worked through by the student of gen- 
eral analysis, who may, after becoming thoroughly 
conversant with its contents, pass on to quantita- 
tive analysis, or to any special branch of practical 
chemistry he may require. 


‘ 


SECTION I. 


EXPERIMENTS ILLUSTRATING THE PREPARATION 
AND PROPERTIES OF GASES, ETC. 


Introductory Remarks.—In this section full directions are given for 


the preparation of five gases (viz., oxygen, hydrogen, carbon dioxide, 


ammonia, and carbon monoxide) and for certain interesting and in- 
structive experiments which may be made withthem. The processes 
of preparation and manipulation required for these gases are more or 
less typical of those employed for all other gases, and the student will, 
therefore, from the experience obtained by performing the experi- 
ments with the above-named gases, easily prepare and experiment 
upon the three other gases (nitric oxide, chlorine, and hydrochloric 
acid) by following the directions inserted in small print, and any 
other gas by the account given of it in a treatise on chemistry. Those 
gases which are in small type may be omitted in the practical course. 
Two examples of the process of distillation are also appended. 

The reference numbers inclosed in brackets refer to the para- 
graphs which commence with Section II (p. 43); the numbers will 
be found in thick type in the text, and at the head of each page the 
numbers of the paragraphs are also placed in square brackets. 

A full list of the apparatus required for this section is given in 
par. 494, and its use is explained in pars. 1-10 and 14-19; a list of 
chemicals and certain other requisites will be found in par. 531. 

Note.—The student must carefully read through the whole descrip- 
tion of each experiment before beginning to perform it, and after its 
successful performance should enter a brief description of it in his 
note-book. 


I. OxyeErn Gas.— When iron is forsome time exposed 
to moist air its surface becomes covered with rust ; many 
other metals undergo a similar change in moist air, but 
thealteration produced in their appearance is not usually 
so noticeable as in the case of iron. The liquid metal 
mercury does not rust as iron does in moist air, but it be- 
comes slowly covered with red mercury rust when strongly 
heated for some time in a flask open to the air; this 
mercury rust has received the name of mercuric oxide. 
The fact that metals become heavier by rusting proves 
that something is added during the process. 
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Exp. 1.—Place in a clean and perfectly dry test-tube 
sufficient mercuric oxide to cover the bottom ; heat the 
powder (1, 19) as shown in Fig. 1, loosely stopping the 
end of the tube with thethumb. As soon as small drops 

of mercury form on the sides of 


ails the tube, remove the thumb and 
» quickly place inside the top of the 
M tube the burning end of a slip of 
| wood (e. g., the uncoated end of a 


\) wooden lucifer match); the flame 
\: will be seen to burn more brightly. 
If, after again heating the powder 
for some time in the way just de- 
scribed, the slip be introduced into 
the mouth of the tube immediately 
after blowing out the flame and 
whilst there is a spark at its end, 
the glowing end will be caused to burst into flame. This 
behavior with a burning or glowing slip of wood is one 
of the most remarkable properties of oxygen gas, and we 
frequently make use of this property as a “test” for its 
presence. The chemical change which has occurred is 
thus represented by an equation : 


HgO = Hg + O. 


Since by heat, then, we can separate from mercuric oxide 
mercury and oxygen, we learn that the process of rusting 
consists in the metal taking oxygen gas from the air, and 
the increase of weight above referred to is thus accounted 
for; if all metal rusts could be decomposed by heat we 
might obtain oxygen from them just as from mercuric ox- 
ide. This method of making oxygen is interesting, since it 
was the first means known of preparing the gas ; it is never 
used nowadays to prepare large quantities of oxygen, since 
other substances are known which contain a larger pro- 
portion of oxygen, and give it off, when they are heated, 
more easily than mercuric oxide does—substanees which 
are also preferable on account of their greater cheapness. 

Potassium chlorate is most frequently employed : 


KCIO, = KCl + O,. 
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Exp. 2.—Place in a clean dry test-tube a little potas- 
sium chlorate, and heat it as in Exp. 1. The white 
salt, after “decrepitating ” or crackling, ‘“ fuses ” or melts, 
and when further heated appears to boil ; the small bub- 
bles which are given off consist of oxygen gas, as may 
readily be proved by holding in the mouth of the test- 
tube a burning or glowing splinter of wood as described 
in Exp. 1 

Potassium chlorate gives off oxygen gas much more 
readily than does mercuric oxide; but if it is mixed with 
small quantities of certain other substances, which them- 
selves appear to undergo no change, its oxygen is driven 
off by heat with extreme facility; of these substances, 
manganic oxide or black oxide of manganese is the one 
usually chosen. 

Exp. 3.—Powder some potassium chlorate (about as 
much as would filla watch glass) finely in a mortar, mix 
with it, by rubbing them together ina mortar, about one- 
fifth as much powdered manganic oxide, and heat asmall 
quantity of the mixture in a test-tube; the oxygen will 
begin to come off as soon as the mixture is heated, and a 
comparatively gentle heat will cause the gas to be rapidly 
evolved. 

In the preceding experiments the oxygen was detected 
in the tube in which it was prepared, and was allowed to 
pass away freely into the air. When the gas has to be 
collected in a vessel unmixed with air, it is made to pass’ 
through a bent glass tube (the delivery-tube), which is 
fitted by means of a cork air-tight into the mouth of the 
_ test-tube; the end of this tube dips into some water, and 
_ the bubbles of gas are allowed to rise into a vessel full of 
_ water and inverted over the end of the delivery-tube. 
This process of “collecting” oxygen is fully described 
in the following experiment ; in the performance of which 
_ two students may advantageously work together, one at- 
_ tending to the regulation of heat to the mixture, the other 
to filling the gas-jars. 

Exp. 4.—Select a sound cork, of such a size that, after 
having been softened by being squeezed or by being rolled 
with gentle pressure on the floor under the foot, it fits 
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tightly into the mouth of the test-tube to be employed. 
Then bend (6) a piece of hard glass tubing, about 14 inches 
in length, into the form shown in the figure ; so adapting 
the bends by trial that when the apparatus is fitted to- 
gether the bottom of the test-tube may be at a convenient 
height in the flame, the end of the delivery-tube at the 
same time dipping about an inch under water. Make a 
hole through the centre of the cork (8), of such a size that 
the glass tube fits tightly into it. Then test whether the 
apparatus is air-tight by fitting the glass tube into the 
cork, and the cork into the test-tube, and blowing down 
the open end of the delivery-tube ; no air must be heard 
to escape, or must be seen to bubble out on moistening 


the cork; if air does escape, a fresh cork must be taken. 
Now pour into the perfectly dry test-tube the oxygen 
mixture (see Exp. 3) off a piece of paper folded into a 
trough, or scoop up the mixture from the mortar with 
the mouth of the test- tube, until the tube is about one- 
third full, and fit in the cork and delivery-tube. 

Before heating the tube fill the jar in which the oxygen 
is to be collected with water, close it with a stopper or — 
ground-glass plate or with the hand, invert its mouth in 
water three or four inches in depth, contained in an 
earthenware pan or bowl, and carefully remove the stopper 
or plate. If this operation has been performed with | 
proper precaution the jar will be entirely filled with water, — 
and no air-bubble will remain. Next proceed to heat — 
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the upper part of the oxygen mixture, holding the tube 
in one hand and keeping the lamp slowly moving with 
the other hand, in order to prevent any part of the glass 
from being suddenly and strongly heated, which would 
be liable to crack it. Oxygen gas will soon be evolved, 
but will not at once appear at the end of the delivery-tube, 
since it has first to drive out the air which filled the ap- 
paratus; as soon as a slip of wood glowing at its end is 
kindled when held at the mouth of the delivery-tube, the 
oxygen has driven out the air and is beginning to escape ; 

the end of the delivery-tube is then at once dipped under 
water beneath the mouth of the jar, and the stream of 


_ bubbles rising into it will rapidly displace the water. 


As soon as the jar is full of gas, close its mouth under 
water with the stopper or glass plate, and remove it for 
experiment. The jar may also be removed by slipping 
under its mouth a smal! dish or saucer; the water taken 
out in the saucer then closes the mouth of the jar air-tight. 
Precautions.—The water must be removed from the 
pan, when it rises inconveniently high, by means of a 
small porcelain dish; if at any time the gas should be 
given off too rapidly, the flame should be removed until 
the current slackens; the lower portions of the mixture 
should be heated only after the upper parts refuse to 
yield any more gas: when the process is to be stopped, 
the end of the delivery-tube must be removed from the 
water before the gas has ceased to bubble out, and the 
test-tube must not be allowed to touch cold or wet ob- 

jects, which would cause the hot glass to crack. 
_ Several bottles filled with oxygen will be required for 
the following experiments, or the same bottle may, if 
, be refilled with the gas according to the above 


directions, after the completion of each experiment. 


Note.—The use of ground-glass plates, which must close the mouth 
of the jar perfectly air-tight, is much easier than that of stoppers. 
An Dastaawire beehive shelf,” which may be used in a common 
earthen pan, or a “ pneumatic ‘trough, ” is also convenient, since it 
supports the jar during the process of collection. 


Oxygen gas is remarkable for the energy with which 
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it combines with or burns many substances; three ex- 
amples are given of this property in Exps. 5, 6, and 7. 

Exp. 5.—Select a splinter of wood charcoal or a small 
piece about the size of a nut; the experiment is more 
brilliant if the surface of the charcoal formed originally 
part of the bark of the tree. Bind this upon a “ defla- 
grating spoon” with a little fine iron or copper wire ; 
then adjust the wire handle of the spoon in the brass cap, 
so that when held beside the bottle of oxygen with the 
cap ona level with the mouth of the jar, the little metal 
cup is about an inch from the bottom of the bottle. Now 
heat the charcoal in the Bunsen flame, or better in the 
blowpipe flame (4), until a part of its surface glows when 
held in the air, and quickly place it in the bottle of oxygen, 
with the brass plate covering the mouth of the bottle. 
(See Fig. 7, p. 33.) The charcoal will burn much more 
brilliantly than in air, throwing off sparks if its surface 
was “ barky :” 


C+0,=CO, 


When it ceases to burn, pour into the bottle a little clear 
lime-water from asmall beaker or test-tube, quickly close 
the bottle, and shake the liquid round inside it; the clear 
liquid becomes milky, indicating the presence of carbon 
dioxide gas, as will be hereafter explained. 

Exp. 6.—Remove the charcoal from the deflagrating 
spoon and replace it by a piece of sulphur as large as a 
pea; heat the spoon in the flame until the sulphur melts 
and begins to burn with a pale-blue almost invisible 
flame. Then place the spoon ina fresh jar of oxygen; the 
sulphur will at once burn with a much brighter flame, 
which emits:a beautiful violet light : 


S + 0, = SO,. 


Sulphur dioxide or sulphurous anhydride gas remains in 
the bottle; its presence is proved by its suffocating smell, 
also by pouring a little water into the bottle and shaking 
it round. Sulphurous acid is thus formed, and is recog- 
nized by dropping into the water a piece of blue litmus- 


paper, which is immediately reddened, and by pouring 
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in a few drops of red potassium dichromate solution, the 
color of which changes to green. 

Exp. 7.—Cleanse the deflagrating spoon from any re- 
maining sulphur, and put into it a small piece of phos- 
phorus no larger than a pea. The phosphorus may be 
eut with a knife; it must be touched only with wet 
fingers, and should be handled as little as possible, since 
it is liable to catch fire by the heat of the hand; it is 
always kept under water, being dried only immediately 
before being used by pressing it between filter-paper or 
blotting-paper, or with a dry cloth. Set fire to the phos- 
phorus by holding the spoon in the flame, and notice 
how it burns in the air; then place the spoon in a jar of 
oxygen—the phosphorus will burn most brilliantly, pro- 
ducing a white substance called phosphorus pentoxide, 


_ or phosphoric anhydride: 


P,+0, =P,0, 


When the phosphorus has ceased to burn, pour in a little 


water and shake it round in the jar, the white substance 
dissolves, yielding phosphoric acid : 


P,O, + 3H,0 = 2H,PO,, 


and the water may now be proved to be acid by drop- 
ping into it a piece of blue litmus-paper, which will be 
immediately reddened. 

Tests for Oxygen.—A. convenient test for oxygen is to 
introduce into the gas a slip of wood with a spark at the 
end, which is caused to burst into flame. Only one other 
gas possesses this property, and it is readily distinguished 
from oxygen by other means. This test only detects 


-oxygen when it is in a pretty pure condition. 


Il. Hyprocen Gas.—The liquid substance water 
consists of oxygen gas combined with another gas called 
hydrogen; several processes are known for preparing 
hydrogen from water. This gas is, however, most readily 
obtained from another liquid containing it, called hydro- 
chloric acid, by the action upon it of the metal zine. 
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Exp. 8.—Fit a two-necked Woulffe’s bottle’ (a, Fig. 
3) with air-tight, perforated corks, bearing a thistle 
funnel (B), whose end reaches nearly to the bottom of the 
bottle, and a tube bent, as shown at ©, and terminating 
just below the cork; join to this, by means of a short 
piece of tightly fitting india-rubber tube, a bent deliy- 
ery-tube, D. Pour into the bottle sufficient granulated 


Fie, 3. 


zine to cover the bottom, replace the corks, and, after 
ascertaining that the apparatus is air-tight by closing the 
end of the delivery-tube and blowing down the thistle 
funnel, pour in through the funnel sufficient water to 
cover the zine and the end of the funnel-tube; then add 
strong hydrochloric acid gradually until, after mixing 
the acid and water by shaking the bottle, the hydrogen 
is seen to rise from the zinc in numerous small bubbles: 


Zn + 2HCl = 2H + ZnCl. 


Then dip the end of the delivery-tube under water eon- 
tained in the pan or trough, and allow the gas to bubble 
out through the water for at least five minutes. This 
delay is necessary in order to give the hydrogen time to 
entirely remove the air which filled the bottle, and which, 


1 A wide-necked bottle may be used instead, being fitted as shown 
in Fig. 5 (p. 30). 


es 
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when mixed with hydrogen, produces a dangerously ex- 
plosive mixture. Before collecting larger quantities of 
the gas for experiments ascertain that the hydrogen is 
no longer mixed with air by inverting a test-tube filled 
with water over the end of the delivery-tube. As soon 
as the tube is full of gas close its mouth with the thumb 
and hold it to a flame; if the gas burns with a slight 
explosion, the tube is again similarly filled with the gas 
and tried in the same way. As soon as the gas burns 
quietly with a pale flame, a small thick glass cylinder or 
tube may be filled with it in the same way as was directed 
for oxygen. 

If during the preparation of gas for the following ex- 
periments the gas comes off too slowly, it is only neces- 
sary to pour in a little more strong acid through the 
funnel and mix it with the liquid in the bottle by gently 
shaking the latter. | 

Exp. 9.—Hold the vessel filled with hydrogen with 
its mouth open and directed upwards for a short time, 
the gas will entirely escape; the absence of the gas may 
be shown by holding a lighted taper in the vessel, when 
no flame will be seen at the mouth. If the cylinder be 
refilled with hydrogen and held for a short time mouth 
downwards, the hydrogen will remain in it, and its pres- 
ence may be shown by the gas burning with a pale flame 
when a lighted taper is introduced. ‘These results prove 
that hydrogen is much lighter than air, since its tendency 
to rise prevents it from passing out downwards through 
the open mouth, whilst it readily escapes upwards from 
the erect cylinder. Since hydrogen is so much lighter 
than air, it is possible to collect the gas without using 
water by a process called “displacement.” The delivery- 
tube of the hydrogen apparatus is passed up to the top 
of the inverted jar containing air, the hydrogen rises to 
the upper part of the jar and gradually pushes out the 
heavier‘air downwards. 

Exp. 10.—Fill a jar with hydrogen by “ displace- 
ment.” For this purpose fit upon the india-rubber joint 
of the hydrogen apparatus a delivery-tube bent as shown 
in Fig. 4, and when a brisk effervescence of gas has been 


| 
| 
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caused by pouring in some strong hydrochloric acid, pass 
this tube up to the top of an inverted jar and allow the 

jar to remain in this position 
for several minutes ; it is best 
to loosely close the mouth of 
the jar during this process by 
letting it rest upon a perforated 
disk of cardboard, or upon the 
round brass cap of a deflagrat- 
ing spoon, supported upon a 
retort stand ring, or upon an 
iron tripod stand, since the en- 
trance of air by “ diffusion” 
is thus almost entirely pre- 
vented, 

Remove this jar, keeping it 
mouth downwards, and push 
up inside it a burning wax taper five or six inches in 
length. The hydrogen will be lighted and will burn 
with a pale flame at the mouth of the jar, but the flame 
of the taper will be seen to be extinguished by the gas. 
The taper may, however, be rekindled by holding it in 
the hydrogen flame burning at the mouth of the jar. 

Exp. 11.—Cover the bottle and funnel-tube with a 
cloth, to prevent accident in case of an explosion, and 
light the hydrogen at the end of the delivery-tube used 
in the last experiment. Hold over the flame a perfectly 
clean, dry, and cool tumbler or beaker; the inside will 
become dimmed with moisture, showing that hydrogen 
gas burning in the air produces water : 


H,+O=H0. 


Note.—Since all gases which have been in contact with water con- 
tain more or less vapor of water, or are “ moist,” it is usual to employ 
for this experiment a stream of hydrogen gas which has been freed 
from moisture or “dried.” <A gas is dried or “ desiccated” by pass- 
ing it through some substance which readily absorbs moisture. 
Strong sulphuric acid (oil of vitriol), calcium chloride, and quick- 
lime are the desiccating agents most commonly employed. The gas 
may be made to bubble through strong sulphuric acid contained in 
a bottle, B (Fig. 10, p. 88), connected, as shown in the figure, with 
the generating apparatus. It may be also dried by passing it through 
a tube containing fragments of calcium chloride, or of quicklime 
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(Fig. 10 a), or pieces of pumice-stone moistened with strong sulphurie 
acid. The moistened pumice may be contained in a U-tube (Fig. 
10), or in the bottle B (Fig. 10, p. 38). 


Exp. 12.—Measure the height of a short, thick glass 
eylinder, and divide it into three equal parts by small 
pieces of gum-paper stuck upon the outside. Fill the 
cylinder with water, and, after inverting it in water, fill 
one-third with oxygen (Exp. 4), and the remainder with 
hydrogen (Exp. 8); let the jar stand with its mouth under 
water for five or six minutes to allow the gases to mix; 
then apply a lighted taper to the mouth of the jar directed 
downwards, taking care not to place the fingers beneath 
it: the gases combine to form water with a loud ex- 
plosion. 

Test for Hydrogen—Hydrogen gas is recognized by 
burning with a pale flame in air or oxygen, the flame de- 
positing water on any cold object held above it. 


III. Carson Dioxtpr Gas, or CarBontc ANHY- 
DRIDE.'— When carbon was burnt in oxygen (Exp. 5) a 
gas called carbon dioxide remained in the jar; the gas 
may be prepared in this way, but a much more easy 
method consists in pouring hydrochloric acid upon some 
pieces of marble. 


CaCO, + 2HCl — CO, + H,O + CaCl,. 


Chalk or limestone may be substituted for marble, but 
these do not answer so well. 

Exp. 13.—Rinse out the apparatus used for preparing 
hydrogen, and place in it some small pieces of marble ; 
fit into the india-rubber joint a delivery-tube bent at 
right angles, as shown in Fig.5; then pour through the 
funnel-tube sufficient water to cover the marble and the 
end of the funnel-tube, and then strong hydrochloric acid 
until gas comes off with brisk effervescence. Place the 
delivery-tube in a jar, with its end nearly touching the 
bottom ; cover the mouth of the jar with a small disk of 


' Formerly called carbonic acid, a name which is incorrect, since 
all acids contain hydrogen. 
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cardboard which has had a slit cut in it for the delivery- 
tube, or pass the delivery-tube through the brass cap of 
a deflagrating spoon, and allow the ap- 

i ener paratus to stand for several minutes. 

Carbon dioxide being much heavier 
than air will soon fill the jar by “ dis- 
placement ;” that is to say, it will col- 
lect in the lower part of the jar, and, by 
gradually rising in it, will lift out the 
air. Since this gas has the property of 
extinguishing a burning taper, it is 
easy to ascertain when the jar is full by 
holding a lighted taper just inside its 
mouth; if the flame is extinguished, 
the carbon dioxide has reached the 
top. Carbon dioxide gas, being very largely dissolved 
by water, is rarely collected over water, the process of 
“displacement” being preferable. 

Exp. 14.—Allow this jar of carbon dioxide to stand 
uncovered and with its mouth upwards for a few minutes; 
then place in the jar a burning taper ; the carbon dioxide 
is shown to be still present in the vessel by the immediate 
extinction of the flame. Then hold the jar for several 
minutes, with its mouth downwards; on testing with a 
lighted taper only air will be found in the vessel. These 
experiments prove that carbon dioxide is heavier than 
air, since it remains in a vessel which is open above, and 
falls out of one which is open below. 

Exp. 15.—Since this gas is so much heavier than air, 
it can be poured from vessel to vessel like 
water. This may be shown by pouring 
carbon dioxide from a bottle filled with 
the gas into a jar full of air, the latter 
being somewhat the smaller. The bottle 
is gradually tilted a little beyond the 
horizontal position, with its mouth over 
that of the jar. After holding it in this 
position for a short time it may be proved 
by a lighted taper that the gas has left 
the bottle and is present in the jar. 
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Exp. 16.—Pour a little lime-water from a test-tube or 
small beaker into a jar of carbon dioxide and shake the 
liquid round in the jar. The lime-water wiil at once 
become milky, owing to the lime which is dissolved in 
the water being converted by the carbon dioxide into 
chalk (calcium carbonate), which, being an insoluble sub- 
stance, remains mixed as a white powder or “ precipi- 
tate” with the water: 


CaH,O, + CO, = CaCO, + H,0. 


Expr. 17.—Carbon dioxide gas readily dissolves in 
cold water, forming a liquid which probably contains 
carbonic acid: 


CO, + H,O = H,CO,. 


The solubility of the gas in water may be proved by 
displacing the air from a bottle, previously half filled 
with cold water, by carbon dioxide; then tightly closing 
the mouth of the bottle with the wetted palm of the 
hand, and shaking vigorously for a short time; the bottle 
will adhere to the hand, owing toa partial vacuum being 
produced by the absorption of the gas by the water. A 
further proof is afforded by dipping the end of the deliv- 
ery-tube (Fig. 5) to the bottum of a beaker containing 
water, so as to cause the gas to bubble through the liquid. 
After the bubbles have passed for several minutes the 
water may be shown to contain carbonic acid by pouring 
some of it into a test-tube and adding a little lime-water, 
which will cause a milkiness ;' also, by adding to another 
part of the carbonic acid solution several drops of blue 
litmus solution, or dipping into it a piece of blue litmus- 
paper, which will become red, indicating the presence of 
an acid; keep this liquid. If this liquid containing car- 
bonie acid be tasted it will be found to possess a taste re- 
sembling that of soda-water, and in fact soda-water is 
merely water which contains a large quantity of carbonic 
acid, as may be proved by examining it with lime-water 
and litmus. If some of the water containing carbonic 
acid be boiled in a test-tube, the carbon dioxide gas is 
driven off again; the bubbles of gas are seen rising in 


1 Sometimes the milkiness disappears, for reasons explained in 
Exp. 18, unless much lime-water is added. 
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7 


the water long before the latter boils, and after the liquid — 


has been boiled briskly for several minutes it may be — 


proved to be free from carbonic acid by giving no milki- 


ness on addition of lime-water, and by not changing the — 
color of blue litmus-paper or solution. The red liquid — 
prepared by adding blue litmus to the carbonic acid solu- — 


tion will also become blue when it is boiled. 


Exp. 18.—Dilute some lime-water, contained in a | 
small beaker, with an equal quantity of distilled water, — 
and allow the carbon dioxide gas to bubble through it as — 


_in Exp. 17; a milkiness will be produced owing to the 
formation of chalk (Exp. 16); but if the gas is allowed 
to bubble for several minutes through the liquid, the 


milkiness will gradually disappear, since the chalk dis- — 
solves entirely in the carbonic acid which is formed by — 
the carbon dioxide dissolving in the water. On boiling — 
some of this clear liquid it again becomes milky, since the — 
carbon dioxide is driven out of the water by heat, and — 
therefore the chalk can no longer remain dissolved. It will — 
be found, on pouring out the water, that part of the chalk — 
remains adhering to the inside of the tube, whence it may — 


be removed by pouring in a few drops of hydrochloric 


acid. ‘The above experiment explains the origin of the — 


coating or “1 


the water ; this gas is driven off when the water is boiled, 


and a great part of the chalk separates upon the sides of © 


the vessels, | 

Tests for Carbon Dioxide.—It is evident that the pres-_ 
ence of carbon dioxide gas is shown by its properties of — 
extinguishing a burning taper, and turning lime-water 
milky ; these are the ordinary “ tests” for carbon dioxide. _ 
We may now proceed to employ them to prove that car-_ 
bon dioxide is evolved from our lungs during the pro-_ 
cess of respiration, and also that it is produced by a burn- 2 
ing candle. 

‘Exp. 19.—Invert a bottle full of water ina pan of - | 
water, and fill it with air from the lungs by blowing the — 
breath out through a glass tube, one end of which is— 
dipped into the water and held beneath the mouth of the 


incrustation” of .chalk inside kettles and — 
steam-boilers in which chalk-water is boiled. Such water — 
contains chalk dissolved by carbon dioxide gas present in — 


After burning for a short time the 


liquid will be rendered milky. 


flame of coal-gas which is burnt from 
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pottle. In orderto obtain air from the lungs a full breath 


should be drawn, and the nose then closed by pinching 
it with the finger and thumb. Before allowing any breath 
to pass up into the bottle, the greater portion should be 
breathed out through the tube so as to replace the air 


_ contained in the windpipe, mouth, and tube by air from 


the lungs; the remainder of the breath is then allowed to 


_ bubble up into the bottle. Close the bottle, remove it 
_ from the pan, and introduce into it a lighted taper; the 


flame will be immediately extinguished. 

Now blow air from the lungs, obtained as just de- 
seribed, through a glass tube into lime-water contained 
in a small beaker; the lime-water will become milky. 

Exp. 20.—Fasten a small piece of candle or wax taper 


‘upon the deflagrating spoon, and place it alight in a 


bottle of air, the mouth of which is 
closed by the brass plate (Fig. 7). Fie. 7. 


flame will be extinguished, and if re- 
lighted will be again extinguished 
when placed in the jar. Now pour in 
some lime-water from a small beaker, 
and shake it round in the bottle; the 


A similar experiment may be per- 
formed, substituting for the candle the 


a jet inside the inverted bottle, and 
closing the mouth of the bottle with a glass plate, as 
soon as the flame is extinguished. The extinction of the 


- flame, and the milkiness then produced by shaking the 
_ lime-water in the bottle, will prove the production of 
_ earbon dioxide by the combustion. 


Hence carbon dioxide gas is constantly being intro- 


_ duced into the air by respiration and combustion, and 


we should therefore expect to be able to detect its pres- 


ence in air by the above tests: It is manifestly not 
_ present in sufficient quantity to extinguish a burning 


taper, but the presence of carbon dioxide in air may be 


shown by lime-water in the following way : 


3 


a a 
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Exp. 21.—Pour some clear lime-water into a watch 
glass, or better a clock glass, and allow it to stand for a 
few minutes in the air; a tilm of chalk will gradually 
form on the surface, and will be seen as white flakes when 
the water is stirred. 


III. a. Nitric oxide gas may be prepared in the apparatus used for 
making carbon dioxide (Fig. 5, p. 30). 

Expr. 22.—The pieces of marble are removed and the apparatus 
washed out. Some scraps of copper (copper clippings or turnings) 
are then placed in the flask, and nitrie acid scared with an equal 
measure of water poured in: 


3Cu + SHNO, = 2NO + 3Cu(NO,), + 4H,0. 


A reddish-brown gas soon fills the inside of the vessel, and should — 


be allowed to bubble off for a time through water; it may then be 


collected over water as was directed for hydrogen gas. Nitric oxide — 


is colorless, but it forms a reddish-brown gas (chiefly nitrogen 
tetroxide) when mixed with free oxygen. This is shown by filling 
a jar with the gas over water, and then allowing it to stand with its 
mouth open in the air; the entrance of the oxygen of the air at once 


produces red fumes. The appearance of red fumes in the preparation * 


vessel is thus explained, since the vessel is at first filled with air, 
with which the first portions of the gas mingle. 


IV. Ammonia Gas.—The familiar smell of common — 


“smelling salts” is due to ammonia gas, which is con- — 


stantly being given off from the 
Fic. 8. solid “carbonate of ammonia” 
contained in the bottle. The gas 
is thus evolved only very slow- 
ly; it may be made to come off 


bonate of aimmonia” is mixed 

with lime and the mixture is 

then gently heated. Sal ammo- 

niac is usually employed instead 

of the carbonate of ammonia: 

2NH,Cl + CaH,O, = 2NH, + 
CaCl, + H,O. 


much more rapidly if the “car-_ 


Exp. 23.—Powder some am- _ 


monium chloride or sal ammo- — 


niac in a mortar, and mix with it thoroughly on a sheet — 


ais 2 
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of paper about an equal quantity of slaked lime in fine 
powder. Pour some of this mixture into a small flask 
(Fig. 8) until it is about one-third filled, and close the 
neck of the flask with a tightly fitting perforated cork, 
into which is inserted a straight piece of glass tube eight 
or nine inches long. Heat the mixture gently by placing 
the flask upon a piece of wire gauze on a tripod stand 


and putting underneath it a lighted rose-burner. Am- 


monia gas will soon be smelt issuing from the end of the 
tube, and, since it is much lighter than air, nay be col- 
lected by “displacement,” as seen in Fig. 8. To ascer- 


tain when the vessel is filled with the gas S it is only neces- 


sary to hold at the mouth of the jar a piece of moistened 
red litmus or yellow turmeric paper; since ammonia gas 
changes the color of the former to blue and of the latter 
to reddish-brown, it is easy to see whether it has reached 
the mouth of the jar by observing whether any change 


is produced in the color of the paper. 


A more easy way to prepare ammonia gas for the fol- 


__lowing experiments consists in heating a little “ Liquor 


——— 


Ammonie Fortissima” in the flask (Fig. 8) instead of the 
solid substances. 

Ammonia gas does not burn continuously in air at the 
ordinary temperature, but jt burns readily either in 
strongly heated air or when lighted in oxygen gas. 


_ Show this by holding the end of the delivery-tube, from 
which a stream of gas is issuing, in the top of a Bunsen 


flame ; a pale yellowish-green flame of burning ammonia 
will be seen; and if the end of the tube is dipped into 
a jar of oxygen, the ammonia may be inflamed as it issues 
into the oxygen gas. 

Ammonia should always be collected by displacement, 
since it is extremely soluble in water, and therefore its 


collection over that liquid would lead to great waste of 


the gas. For this reason, also, the vessels in which am- 
monia is to be collected should always be perfectly dry 


inside. 


Exp. 24.—Place a jar full of ammonia mouth down- 


_ wards in a vessel of water, and gently shake the jar so as to 
agitate the water at its mouth ; the water rapidly absorbs 
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the gas and rises in the jar to fill the space formerly oc- 


cupied by the gas. 


If a little water be rapidly poured into a jar of ammo-=_ 


nia by momentarily partly opening it and at once cover= 
ing it again with a glass plate or with the hand, and the 
water be then shaken in the jar, the water, owing to its 
having absorbed the gas, will, when poured out, be found 
to have acquired the smell and beliavior with litmus 
and turmeric papers which characterize the gas. This 


liquid is in fact weak “ Liquor Ammoniz,” a solution” 
prepared in large quantities by letting ammonia gas 


bubble for some time through cold water. When this 


solution is boiled the ammonia gas is in great part 


expelled. 


Exp. 25.—Pour into a glass jar a little strong hy- 


drochloric acid, close the jar with a glass plate, and 
shake the acid about inside the jar,— 
run out by slipping aside the glass plate 
verted position over a jar containing 


ammonia gas, and covered with a glass 


in contact (Fig. 96), and the hydrochlo-- 
ric acid and ammonia gases can freely 


intermingle. Dense white fumes of 


solid ammonium chloride will immediately be formed : 


NH, + HCl = NH,Cl. 


This experiment may also be performed by dipping a 


glass rod into some strong hydrochloric acid, and holding 


it in ammonia gas as it issues from the delivery-tube of 
the apparatus, or in a jar previously filled with the gas ; 


the same white fumes will at once appear. 


Tests for Ammonia Gas.—Ammonia gas may be readily 


recognized by its pungent smell, by turning moistened 
red ‘litmus-paper blue and moistened turmeric-paper 


hydrochloric acid gas will thus be liber- 
ated ; the liquid may then beallowed to. 


for a moment. Place this jar in an in- 


plate (Fig. 9 a), then withdraw the glass_ 
plates, so that the mouths of the jars are 


. 
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reddish-brown, and also by giving white fumes with a 
glass rod moistened with strong hydrochloric acid. 

Gases are frequently made to pass through certain 
liquids, in order to free them from impurities before they 
are collected ; this is termed “ washing” agas. In some 
cases gases are purified by causing them to pass over 
pieces of a solid substance, which absorbs the impurities. 


_ The preparation of carbon monoSide gas from oxalic acid 


will serve to show how these processes are performed. 


VY. Carson Monoxtpve.—This gas is produced when 


carbon dioxide gas is made to pass over red-hot char- 
| coal: 


CO, + C=2C0. 


It is often thus formed in open grates, and is seen burn- 
ing at the top with its characteristic blue flame. Carbon 
monoxide-is usually prepared by heating solid oxalic acid 
with strong sulphuric acid, when a mixture of carbon 
monoxide and carbon dioxide is given off: 


H,C,0,.2H,0 + H,SO, = CO+CO,+H,S0,.3H,0. 


Exp. 26.—Place a little solid oxalic acid in a test-tube ; 
pour upon it strong sulphuric acid' sufficient to cover it 


i to a depth of at least half an inch, and heat the mixture. 


After a short time effervescence will be noticed, owing to 


gases being evolved ; hold in the mouth of the tube a 


glass rod freshly dipped into lime-water; the drop of 


_ lime-water hanging upon its end will become milky, 


showing that carbon dioxide is one of the gases evolved. 
Hold a burning taper to the mouth of the test-tube; a 
blue flame will be seen, caused by the carbon monoxide 
gas burning in the air. 


1 Strong sulphuric acid is a very corrosive liquid, and great care 
must be taken not to get any upon the skin or clothes; should any of 
this acid or of any other acid get upon the skin it must be at once 
washed off; if it should accidentally be spilt upon the clothes, the part 


- must be rubbed with ammonia solution. If the acid has remained 


_ for some time on the clothes it will produce a red stain, which will 
_ be removed by ammonia solution, unless it has been caused by nitric 
acid. 
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In order to get rid of the carbon dioxide gas which is 
mixed with the carbon monoxide, the mixed gases are 
“washed ” with solution of caustic soda, or passed over 
pieces of solid caustic soda; the soda absorbs the carbon 
dioxide readily, but allows the carbon monoxide to pass — 
on: 


CO+ CO, +2NaHO =CO + Na,CO,+H,0! 


Exp. 27.—Heat the mixture of oxalic acid and strong — 
sulphuric acid in a flask (A) fitted as shown in Fig. 10, 
and pass the gases either into a wash-bottle (a small 
Woulffe’s bottle, or a broad-necked bottle), fitted as shown 
in B, and containing caustic soda solution; or through a 
tube (a) containing fragments of quicklime, or a U-tube (0) 
filled with fragments of caustic soda or soda-lime or with 
fragments of puniice-stone or broken tobacco-pipe stem 


Fie. 10. 


moistened with strong caustic soda solution. If the carbon 
dioxide is to be completely removed, the gases must be 
passed through two or more such tubes or bottles. The car- 
bon monoxide gas thus more or less perfectly freed from 
carbon dioxide may be collected over water, and will be 
found to give either no milkiness with lime-water or a_ 
slight milkiness if the stream of gas has been so rapid 
that the caustic soda has not been able to absorb the car- 
bon dioxide completely. By heating a formate with 
strong sulphuric acid carbon monoxide alone is given off, 
and is thus readily obtained free from carbon dioxide. 
Carbon monoxide resembles hydrogen in being inflam- 
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mable and in extinguishing a burning taper; it also ex-- 
plodes when mixed with oxygen or air, hence before 
collecting a cylinder of the gas for experiment, ascertain 
that the gas coming off from the apparatus is free from 
air by collecting a small test-tube full and proving that 
it burns quietly. 

Exp. 28.—Push a burning taper up into a cylinder 
filled with carbon monoxide; the gas will burn with a 
blue flame at the mouth of the jar but the taper will be 
extinguished. As soon as the gas has ceased to burn in- 
side the cylinder, pour in a little lime-water and shake it 
about; the liquid becomes milky, showing that by the 
combustion of carbon monoxide in the oxygen of the 
air carbon dioxide gas is produced : 


cO+ O— CO,. 


Tests for Carbon Monoxide.—Carbon monoxide is recog- 
nized by burning with a pale-blue flame in the air, pro- 
ducing carbon dioxide, which renders lime-water milky. 


VY. a. Chlorine gas may be made in the apparatus employed for 
_ the preparation of carbon monoxide. The washing-bottle may either 
be dispensed with or may be used containing a little water to free 
the chlorine from hydrochloric acid gas. 

_ Exp. 29.—Place some manganic oxide powdered, or better in 
small lumps, in the flask a (Fig. 10, p. 38), pour upon it some strong 
hydrochloric acid, mixed with about one-third its measure of water, 
and heat gently in a draught-cupboard or in the open air. A 
_ greenish-yellow gas is evolved, which may be collected by displace- 
- ment, like carbon dioxide, since it is much heavier than air: 


MnO, + 4HCl = Cl, + MnCl, + 2H,0. 


“The gas has a very destructive action on the lungs, and must on no 
“account be inhaled; it is usually recognized by its yellowish-green 
color, its peculiar smell, and by its property of bleaching moist vege- 
ee colors. This last ‘property is shown by placing in a jar of the 
a piece of moistened litmus-paper or fabric dyed with madder 
> (« Turkey red”). The colors of both will be destroyed. A burning 
_ wax taper plunged into a jar containing chlorine continues to burn 
é with a very smoky flame. Oil of turpentine, introduced into the gas 
_ by moistening a strip of filter-paper with the warm liquid, catches 
fire of itself and gives rise to dense smoke. A piece of dutch-foil or 
_ copper-leaf also burns when dropped into chlorine. 

Tests for Chlorine.—Chlorine gas is recognized by its yellow color, 
at smell, and its power of bleaching moistened litmus-paper. 
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+ V. b. Hydrogen chloride, or hydrochloric acid gas. 

Exp. 30.—Place in the cleansed flask A (Fig. 10), which was used 
for the preparation of carbon monoxide, some lumps of sodium chlo- 
ride (common salt) obtained by breaking up a mass of melted table 
salt, or by breaking a piece of rocksalt ; pour upon it strong sulphuric 
acid and heat gently. Hydrochloric acid gas is evolved: 


NaCl-+ H,SO, = HCl + NaHSso,, 


and being heavier than air may be collected by displacement, in the 
same way as carbon dioxide. The gas fumes strongly in moist air, 
turns moistened blue litmus-paper red, dissolves easily in water 
(Exp. 24), giving an “acid” liquid (hydrochloric acid), which, like 
the gas, turns blue litmus red. 

Tests for Hydrochloric Acid —This gas is known by fuming in theair, 
turning moistened blue litmus-paper red, giving white fumes with 
ammonia gas, and yielding when dissolved in water a milky liquid 
on addition of silver nitrate solution, which does not become clear on 
adding nitric acid. 


VI. Distr_Lation.—This process is employed to sep- 
arate liquids which boil at a comparatively low temper- 
ature, either from solids, or from other liquids which are 
not converted into vapor at all or only at much higher ~ 
temperatures. It consists in boiling the liquid and cool- 
ing or “condensing” the vapor, which is thus given off, 
again into a liquid—the “ distillate ;” the non-volatile 
solid or liquid substances present are thus left behind in— 
the vessel in which the liquid is boiled. As examples of | 
this process, the purification of common spring-water_ 
from the,solid substances dissolved in it, and the prepa- 
ration of nitric acid, may be performed. 

Exp. 31. Distillation of Water.—Pour into a clean re- 
tort, a (Fig. 11), some tap-water through a funnel placed 
in the mouth, or in the “tubulure” (7. e., the opening 
for the stopper or cork) if a tubulated retort is employed. 
Support the retort, whose bulb has been about half filled 
with water, in a retort-stand or upon a tripod, with its 
neck sloping downwards and dipping into a small clean 
flask or bottle, 6, which is partly immersed in cold water 
contained in an evaporating basin. Cover the bulb of 
the flask with a broad strip of filter-paper, whose ends 
dip into the water contained in the dish; or, instead of 

- cooling the flask cool the neck of the retort, by wrapping 
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round the lower part of it a piece of filter-paper, c, and 
round this a piece of wet string or tow, d; then arrange 
a funnel, e, with its mouth partly stopped so as to 
_ drop cold water on the upper part of the filter-paper ; 
_ this water will be drained off by the string, d, and must 
not be allowed to run into 6. On carefully boiling the 
_ water in the retort steam passes into the flask and is there 
condensed to “distilled water.” The first few drops 
should be thrown away, as they are apt to be impure 
from rinsing the retort neck and flask. Whilst this pro- 
cess of distillation is going on, add to some tap-water, 
contained in a test-tube, several drops of nitric acid and 


_ some silver nitrate solution, and notice that the water be- 
comes milky. A separate portion in another test-tube 
_ will also be found to become milky on addition of some 
ammonia and ammonium oxalate solution. These 
_ changes are due to the presence in the water of certain 
solid substances dissolved in it. If the distilled water 
_ from the flask be examined in the same way it will 
_ remain clear, showing that these substances have been 
_ removed by distillation. 

‘Tests for Distilled Water.—Good distilled water should 
_ remain quite clear when to separate portions of it are 
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added solutions of ammonium oxalate, silver nitrate, 
barium chloride, and ammonium sulphide; these tests 
prove the absence of calcium, chlorides, sulphates, lead, 
and iron respectively. It should also leave no residue 
when evaporated. 

Exp. 32.—WNitric Acid.—Clean the retort from Exp. 
31 by rinsing out the bulb with a little dilute hydro- 
chloric acid, and then thoroughly with water ; let it drain 
for a few minutes, and place in it some solid potassium 
nitrate (nitre); then pour upon this, through a funnel 
placed in the neck or tubulure, a quantity of strong sul- 
phuric acid about equal in weight to the nitre used, and 
allow the acid to drain off the neck, in case a non-tubu- 
lated retort is employed, by supporting it for some time 
in an upright position. Proceed to distil just as in the 
preceding experiment ; a yellow oily liquid will trickle 
down the neck of the retort into the flask ; this liquid is 
soméwhat impure nitric acid, and will be found to fume 
strongly in the air: 


KNO, + H,SO, = HNO, + KHSO, 


Test for Nitric Acid.—Place some small pieces of cop- 
per in a test-tube, pour upon them a little of this nitric 
acid ; on warming gently reddish-brown fumes will ap- 
pear in the tube, and a blue solution will remain (see 
Exp. 22, p. 34). This property of giving red fumes 
when treated with copper is often used as a test for nitric 
acid. 


; 


SECTION II. 


PREPARATION AND USE OF APPARATUS 
REQUIRED IN ANALYSIS. 


Notes.—Refer to the list in paragraph (494)!, which shows what 
apparatus is required for each student, and mark all apparatus as 
directed in the note at the end of the list. 


1. The Bunsen Burner.—By far the most useful lamp 
for general heating purposes is the Bunsen burner (Fig. 
12). Itis a gas lamp so constructed that coal-gas entering 
through the tube @ is mixed with a proper proportion of 
air which flows in through the holes at the foot of the 
burner, and the mixture of gas and air is 
_ burnt at the top of tube 6. The oxygen as 3 

of the air, which is thus mixed with the : 
gas, burns the carbon in the interior of 
the flame. Accordingly the luminosity, 
which is believed to depend upon the ex- 
istence in the flame of unburnt carbon or 
carbon compounds, is destroyed. The 
Bunsen flame is therefore useful because 
it deposits no soot upon a cool object which is being 
heated in it, and also because it is much hotter, owing 
to the more complete combustion of the gas, than any of 
the ordinary flames. Its high temperature, non-lumi- 
nosity, and colorless appearance also render it very val- 
uable for producing flame colorations, as will be seen 
hereafter. The lamp should be provided with some 
_ means for partly or entirely closing the air-holes when 
_ requisite; this is usually effected either by a loose per- 
_ forated ring which is slipped over them, or by making 
_ the tube } turn round on its long axis. When a small 


1 Numbers occurring in the text which are inclosed in brackets 
refer to the paragraphs commencing in this section. For con- 
_ venience in reference, paragraph numbers are printed in thick type ; 
_ and at the head of each page the numbers of the paragraphs it con- 
tains will be found inclosed in square brackets. 
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flame is being employed, the air must be partly shut off, 
else the flame “ burns below.” } 
When the lamp is to be used, a piece of tightly fitting © 
india-rubber tubing ;°gths of an inch in diameter. is— 
pushed over the end of the tube a, and the other end of | 
the tubing is slipped over the tube which supplies gas to | 
the working bench, the gas tap is turned on, and as soon | 
as the gas is distinctly smelt issuing from the tube b, it 
is lighted. The flame should be almost perfectly color- | 
less, and give scarcely any light. Occasionally the gas — 
will burn at the bottom instead of the top of the tube 6 ; | 
this usually happens when the flame is turned down very — 
low, or the supply of gas is insufficient ; also when the — 
quantity of air admitted through the holes is too great, 
or the burner is lighted too soon after turning on the gas — 
tap. It may be at once detected by looking through the | 
holes in the base of the lamp, when the luminous flame | 
will be seen burning from the small gas-jet inside; the — 
flame produced whilst the gas is “burning below” is | 
also characterized by being long and somewhat luminous, — 
and by emitting a very unpleasant smell. In such a_ 
case the flame should be at once extinguished by pinching 
the india-rubber tubing close to the burner, and the gas 
should be relighted after ‘escaping for a few seconds. | 
The momentary stoppage of the gas stream by suddenly | 
striking the india-rubber tube upon the bench with the | 
hand will also frequently cause the flame to rise to the | 
top of the burner without extinguishing it. Closure of 
the air-holes serves the same purpose, but this must be — 
done with care, as after the flame has burned below for — 
a short time the metal becomes too hot to be touched. | 
The risk of the gas burning below is prevented by slip- — 
_ping upon the top of the burner a tightly fitting thimble, | 
with a hole in its top somewhat less in diameter than that — 
of the burner. 
2. For diffusing heat over a large surface, the “rose | 
burner” is very useful; it is a small perforated metal 
eap ¢ (Fig. 12), which, ‘when placed upon the top of the — 
tube b, yields a small circle of flames ; the rose burner is 
put on and removed by grasping it with crucible tongs 5. 
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: it is of course very hot after being removed, and should 
_ never be handled, or placed upon “wood, until it is cool. 
3. The flame of a spirit-lamp is occasionally employed 
instead of the Bunsen flame, but 

_ for general purposes the spirit- Epee 

lamp should only replace the 
_ Bunsen burner where coal-gas 
~ cannot be obtained. 

__ The spirit-lamp (Fig. 13) con- 
sists of a glass vessel containing 
methylated spirit, into which 
dips a cotton wick, supported by 
‘means of a brass or, better, a © 
‘stoneware wick holder. When 
not in use the wick should be 
always covered with the glass cap to prevent evaporation 
of the spirit. If the spirit is tolerably free from resin- 
‘ous matter its flame will be non-luminous, and will de- 
_ posit no soot upon a cold object. 

_ 4. The blowpipe is frequently used to produce a small 
_ but very hot flame from the flame of a gas-lamp, spirit- 
_ lamp, or candle, by blowing through it a fine stream of 
_ air from the mouth. 

In order to obtain the “blowpipe flame” from the 
flame of a Bunsen bur- 
ner, the blowpipe is held 
_ by the right hand, with 
its finely pierced tip a 
_ (Fig. 14) resting on the 
edge of the burner, and 
just inside the flame 
(Fig. 15); the mouth- 
piece 6 is then taken be- 
_ tween the lips, and after 
- blowing out the cheeks 
to their full extent, the 
air contained in them is forced out through the jet a, 
_and causes a small pointed tongue of flame to issue from 
the side of the gas flame. The chief difficulty in learning 
to use the blowpipe properly is experienced in acquiring 


Fig. 15. Fig. 14. 
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the habit of keeping up the blast of air for some time 
uninterrupted by the breathing. A little patient trial 
will, however, soon remove this difficulty, if it is borne 
in mind that the cheeks must be kept constantly inflated 
with air, and that the air must be forced through the 
blowpipe by the pressure of the cheeks alone, and not by 
the action of the lungs, breathing being carried on mean- 
while through the nose, and the mouth being occasionally 
replenished with air from the throat just before breathing 
out the air from the lungs through the nose. 

It is frequently necessary to have both hands free 
whilst using the blowpipe; this may be secured by rest- 
ing the jet a on the top of the burner, and supporting the 
other end, b, by the lips alone, as shown in Fig. 15; or the 
blowpipe may be rested on a support of convenient height, 
such as the ring of a retort-stand properly adjusted. 

The bright flame obtained by nearly closing the air- 
holes of the burner is much better suited for use with the 
blowpipe than the ordinary non-luminous flame. A bur- 
ner with an elliptical orifice which gives a flat flame is 
commonly substituted for the ordinary round flame of the 
Bunsen burner ; it is easily obtained by slipping a brass 
tube down the tube of the burner. 

A further account of the uses of the blowpipe is given 
in par. 30. 

5. Glass tube or rod is cut by laying it upon a flat sur- 
face, and making a 
deep scratch with the 
edge of a three-cor- 
nered file at the point 
tobe cut. The glass 
is then held with both 
hands, one on either 
side of the scratch 
and close to it,and a 
gentle pressure is exerted upon the glass as if trying to 
break it across (Fig. 16). If the file-mark has been made 
sufficiently deep, the glass will readily break at the scratch ; 
the sharp edges of a rod or tube should always be at once 
rounded by holding them in the Bunsen or blowpipe flame 


Fia. 16. 
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until they are partly melted, or by rubbing them with the 
face of a file. 

6. Glass tube is bent by holding the part to be bent in 
the upper edge of a common fish- 
tail gas flame, so as to heat at least 
two inches of the glass (Fig. 17). 
The Bunsen flame must never be 
employed for bending glass tub- 
ing ; it produces a most unsatis- 
factory bend. The tube is sup- 
ported by holding it with both 
hands, one on either side of the flame, and whilst being 
heated it is constantly turned slowly round on its axis so 
_as to heat all sides equally. As soon asthe glass is felt to be 
soft and pliable it is taken out of the flame and quickly 
bent to the required angle. The heated part must not 
be allowed to touch anything until it is cold; the soot 
is then removed from it by a cloth or piece of paper. A 
bend, if properly made, should bea curve, and should not 
alter the bore of the 
tube (Fig. 17 a); ifa 
sharp angle is made the 
bore will be narrowed, 
and the bend, besides 
being unsightly,is very 
liable to break under 
a small strain (Fig. 
17 d). 

Glass rod may be 
bent in the Bunsen or 
_ blowpipe flame. 
7. Glass tube is drawn out by holding it with both 
_ hands as for bending; and, whilst turning it constanly 
_ round on its long axis, the part to be drawn out is strongly 
_ heated in the Bunsen or, better, in the blowpipe flame 
(see Fig. 15); when the glass is well softened, the two 
_ ends are slowly pulled asunder in opposite directions. 
8. Corks are bored usually by means of brass cork- 
_ borers, which are used as punches. A borer is selected 
of the same size as the glass tube which is to be inserted 


Fie. 17. 


Fig. 17 a. 
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into the cork, rather less than greater; the cork is then 
pressed against a wooden surface (best against the upright 
edge of a thick bench 
or table), and the per- 
foration madein it by 
gently pushing the 
borer through whilst 
constantly turning it 
upon its axis (Fig. 
18). Caution and 
practice will enable 
the student to make 
a clean straight hole without damaging the surrounding 
parts of the cork. In boring a single hole through a 
cork the easiest way to make it straight is to bore from 
the centre of one end halfway towards the other, then 
reverse the cork and bore a hole to meet this from the 
centre of the opposite end. 

A perforation may also be made by pushing a sharply 
pointed round file carefully through the cork. 

The round file is required for smoothing the interior of | 
holes made by the cork-borer, or for slightly enlarging 
them when they are too small; whilst doing this great 
care must be taken to leave the hole round in 1 shape, and 
not to enlarge it so much that the glass tubing when in- 
serted fits loosely. 

In perforating india-rubber stoppers the borer used 
must be sharp, and must be kept well wetted with water, 
or better with solution of caustic soda or potash. 

The edge of the cork-borer is sharpened when neces- 
sary by rubbing the outer part of the edge obliquely with 
the face of a fine-toothed three-cornered or flat file. 

9. Sulphuretted Hydrogen Tube.—A tube of the requi- 
site shape will have been used for the experiments in Sec- 
tion I; it isseen as a bent delivery-tube in Fig. 5 (p. 30). 

If not already made bend a piece of glass tubing (6) 
ten or twelve inches in length at right angles into the 
shape shown in Fig. 17 a, the shorter limb being about 
two inches long. This tube is to be kept for passing 
sulphuretted hydrogen gas through liquids. 


Fig. 18. 


& 
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10. Small Ignition-tubes.— A piece of hard glass tubing," 
perfectly dry inside and out, and not much less than the 
eighth of an inch in internal diameter, is drawn out at 
its middle point by heating it s strongly i in the blowpipe 
_ flame, as shown in Fig. 15, p. 45. The narrowed portion 
of the tube (Fig. 19) is then cut across (5) at its middle 
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point, and by heating the conical part a, the narrow tube 
may be drawn off and-a small closed tube is obtained 
(Fig. 19 a). If the closed end is 
strongly heated in the blowpipe alow uni 
flame and blown into whilst hot, 
it may be expanded into a small 
bulb, such as that seen in Fig. 36. Small test-tubes, three 
inches long by half an inch in diameter, serve well for 
ignition-tubes. 

11. Glass Stirring-rods.—Three or four glass rods are 
made by cutting (5) a length of solid glass rod into pieces, 
some about seven inches 
long, others of about half 
that length. Any small . 
projections are filed or ~ 
_ chipped off, and both ends 
of each rod are then 
rounded by holding them 
in the upper part of the 
Bunsen flame, or better 
_ in the tip of the blowpipe 
flame, and turning the 
rod constantly round on 
its long axis until it be- 
comes red-hot at the end 
(see Fig. 20); the sharp edges are thus partially mata. 


1} To distinguish hard glass from soft (lead) glass, hold the tube 
_ towards the light with oneend near the eye; with hard glass the ring 
_ of glass will appear green or colorless, with soft glass black or dark. 
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The end of the rod must not be allowed to touch any- — 
thing until it is cool. 

11 a. Sometimes a very thin glass rod is required ; 
this may be made from a stouter rod by softening it in 
the blowpipe flame (Fig. 15, p. 45), and then drawing it 
out until the required fineness is produced. 

12. Mounted Platinum Wires——The platinum wire 
used must not persistently color the flame green. Draw 


out a piece of glass tube, six or seven inches in length, 
at its middle point (Fig. 15, p. 45) into the shape shown 
in Fig. 19. Cut it across at the middle of the narrow 
portion. Each piece of glass thus obtained serves for the 
handle to a wire. Break off the narrow part of the tube 
until it extends only about a quarter of an inch from the 
shoulder (a, Fig. 19), and into the narrow opening insert 
the end of a piece of platinum wire about two inches in 
length and bent round at its other end into a circle about 
the eighth of an inch across by rolling 
it round a piece of thick wire; then 
hold the end of the wire surrounded 
by glass in the Bunsen or blowpipe 
flame until the glass melts and thick- 
ens around it, fixing it firmly when 
cold (Fig. 21). At least two wires 
should be mounted in this way. They 
are then rendered less liable to be lost 
and much more easy to handle. The 
wire may also be mounted by soften- 
ing the end of a short piece of glass 
rod in the blowpipe flame, and stick- 
ing the wire into it. 

13. Wash-bottle—A_ thin flat-bot- 
tomed flask is chosen, best of the tri- 
angular shape shown in Fig. 22, and of 16 or 18 ounces 
capacity; the neck must not be less than an inch in 
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diameter. Procure asound cork which is slightly too large 
to enter the neck, soften the cork by placing it upon the 
floor and rolling it backwards and forwards under the 
foot with gentle pressure; when thus softened the cork 
must fit tightly into the flask. A vulcanized india-rub- 
ber stopper is much more durable for this and most other 
chemical purposes; it is perforated by a sharp well- 
wetted cork-borer, or bya wetted round file. Two pieces 
_ of glass tubing rather longer than would be required for 
the tubes @ and ¢ are then bent (6) into the form shown 
in Fig. 22. The ends of the tubes are, if necessary, cut 
off to the right length, and their sharp edges are rounded 
by holding them in the Bunsen flame or in the tip of the 
_ blowpipe flame, or by rubbing them with the face of the 
file. 

Two parallel holes are then bored in the cork by means 
of a round file or with a proper-sized cork-borer (8) ; the 
holes must be somewhat smaller than the glass tubes, and 
must not run into one another or to the outside of the 
cork. They are slightly enlarged, if necessary, by the 
round file. Into these holes the tubes a and 6 are then 
gently pushed with a twisting motion; if the holes have 
been made of the proper size ‘the tubes must enter some- 
what stiffly, but without requiring much pressure. If the 
_ holes have been carelessly made too large, the tubes may 

often be made to fit by slipping upon them little pieces of 
narrow india-rubber tubing, or by putting the pieces of 
_india-rubber tubing into the holes in the cork before fit- 
ting in the glass tubes. 
_ Upon the upper end of a is fitted a piece of small 
india-rubber tubing about an inch in length, into the 
other end of which is pushec a short jet (c) made by draw- 
ing out a piece of glass tubing in the flame (Fig. 15, p. 48) ; 
its opening may be contracted, if necessary, by holding it 
_ perfectly dry in the flame for a short time. The neck of 
_the flask should then be bound round with twine like the 
handle of a cricket bat, or tightly covered with a piece of 
flannel ; this prevents the fingers from being burnt when 
_ water has been boiled in the flask and its neck has become 
heated by the steam. 
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The wash-bottle, when thus fitted up, is filled about 
two-thirds with distilled water. 'Tap-water should never 
be kept in the wash-bottle. 

_ A fine stream of water may then be obtained from the — 

jet (c) by blowing down the tube (6); this stream serves 
for washing precipitates and for other purposes. A larger 
stream is obtained by inverting the bottle, when the water 
will flow out from the end of the tube (6), air entering 
meanwhile by the tube (q). 

Hot water is frequently required for washing precip- 
itates ; to obtain this the wash-bottle is placed upon a 
piece of wire gauze supported on a tripod-stand, and is 
heated by the Bunsen flame, as shown in Fig. 10 (p. 38). 

14. Cleaning Apparatus.—lIt is indispensable to the 
success of an analyst that all glass and porcelain appa- — 
ratus should be scrupulously clean before being used. 

Test-tubes, beakers, and porcelain dishes are washed 
in a stream of tap-w ater by using the test-tube cleaner 
(Fig. 236). <A little hot hydrochloric acid will remove 
most stains, but occasionally it is necessary to heat a little 
strong sulphuric or nitric acid in a vessel in order to 

cleanse it ; hot caustic potash or ammonia solu- 

Fie. 23. tion may also often beused with advantage to re- 
move grease. In fact, in removing a substance 
from a vessel to which it strongly adheres, the 
student should always consider what the sub- 
stance is, and then remove it by a liquid in 
which it is easily soluble. Each article after 
having been well washed and rinsed with tap- 
water should be placed upside down in the 
small wicker-basket to drain, or if required for — 
immediate use it should be rinsed out with 
7 a little distilled water. It should be borne in 
mind that apparatus must be washed as soon as possi- 
ble after use, as after standing the surface is usually much 
more difficult to cleanse. The brush must be cautiously 
moved as it reaches the bottom of a test-tube, since the 
glass is very thin and the brush is easily pushed through it. 

Test-tube Brush.—It will be found that the piece of 
sponge at the end of the test-tube cleaner (Fig. 23 a) is 
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not well adapted to cleanse the bottom of test-tubes and 
boiling-tubes. A much more efficient end is given to the 
brush by removing the sponge and bending back the 
end of the wire stem upon itself at a point just above 
where the hairs commence (Fig. 23 5). By slightly curv- 
ing the part of the stem carrying hairs, the brush will 
better adapt itself to curved surfaces such as those of 
porcelain dishes. 
_ Test-tubes whilst in use are placed in the test-tube stand ; 
boiling-tubes may be supported in the wicker-basket, or 
an a specially made stand. When washed they should be 
placed to drain mouth downwards in the wicker-basket. 
_ Glass funnels should have their narrow stems cut off 
to within about half an inch from the shoulder ; the sharp 
outer edge must then be removed by rubbing it with the 
face of a triangular file. The inside of the narrow neck 
is best cleaned by washing it with a common tobacco- 
pipe cleaner, inserted from the shoulder of the funnel so 
as not tocut the hairs by the edge at the other end of the 
neck. 
15. Platinum foil and wire are cleansed by boiling 
them in hydrochloric acid and rinsing off the acid with 
‘water; the wire should then be strongly heated for some 
time in the blowpipe flame until, on being dipped into 
pure strong hydrochloric acid, it no longer colors the 
Bunsen flame. If the tip of the wire cannot be thus 
cleansed it should be cut off. 
| Commercial platinum often contains barium, and the 
wire made from it therefore gives a green color to the 
flame ; such wire is useless for flame coloration tests and 
for spectrum analysis. 
It is best to keep the foil or wire in a small beaker or 
dish containing strong hydrochloric acid diluted with 
‘sufficient water to prevent it from fuming ; the platinum 
will thus be ready for use after having been rinsed with 


16. Before putting by apparatus it should be made a 
Tule to wash all glass and porcelain which is not in actual 
use, and place it in the wicker-basket to drain ; the basket 
is put away with its contents. 
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All iron apparatus should be carefully dried, and must 
be kept ina dry place to prevent rusting. Onno account 
must metal apparatus be kept in the wicker draining-basket. 

17. Heating Glass and Porcelain.—A few general pre- 
cautions should be observed in heating glass and porce- 
lain vessels, to guard against cracking them. 

A vessel containing a liquid must never be heated by 
the flame above the level of the liquid inside. 

A dry hot vessel must be allowed to cool before pour- 
ing in any liquid, or placing it on a cold surface. See 
also (18, 19). 

18. Porcelain dishes are generally used for boiling 
liquids ; they are supported on a tripod or retort stand, 
and may be safely heated by the naked flame. Porcelain — 
crucibles are used for containing solid bodies which are 
to be strongly heated; they are supported on a pipe- 
clay triangle placed upon the ring of a retort-stand or 
upon a tripod-stand: the flame should not be allowed to — 
play steadily at once upon the bottom of the crucible so 
as to heat it suddenly, but should be constantly shifted 
by moving the burner, until the porcelain is hot. The — 
crucible should also be allowed to cool slowly on the tri- 
angle, as contact with a cold body is very apt to crack 
it; the crucible and its cover whilst hot are handled by — 
the crucible tongs. 

19. Glass vessels require to be heated more cautiously — 
than porcelain; a large naked flame must never be al- 
lowed to play for any length of time on any one part of 
the glass surface. In heating a test-tube or boiling-tube, 
this “local heating” is prevented by holding the tube 
obliquely with the lower part in the flame (Fig. 1), and 
moving it gently up and down, or by constantly turning 
it round on its axis. Test-tubes are too narrow for boil- 
ing liquids, in the liquid being very apt to boil over. 

Small quantities may be boiled and larger quantities 
heated short of boiling in a test-tube, but the broader 
“ boiling-tubes ” are best suited for this purpose. Large 
glass flasks, such as the wash-bottle, are most safely 
heated by placing them ona piece of wire gauze ona tri- 
pod-stand (Fig. 10, p. 38) and heating with a rose burner; 
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in some laboratories a sand-bath is available; the flask is 
then heated by being placed on the surface of hot sand. 
Test-tubes, if not full of liquid, can be held by the neck 
whilst being heated, if the tube be held obliquely so that 
the fingers are not over the flame. All risk of burning 
the fingers is avoided by bending round the neck of the 
tube a slip of folded paper or of leather, and pinching 
the ends together close to the tube. 


SECTION IIL. 
ANALYTICAL OPERATIONS. 


THE student, before commencing the analytical reac- 
tions, must become familiar with the operations which — 
are constantly employed in analytical chemistry. The — 
processes will be most readily and perfectly understood 
_by reading the following descriptions, and performing — 
the experiments given in illustration of them. 

20. Solution.—Many solid substances, if stirred or 
shaken with water, gradually “dissolve” in that liquid ; 
salt and alum may be mentioned as examples. Other — 
liquids may be employed instead of water, and if they 
cause the solid substance immersed in them to become 
partially or entirely liquid and mingle uniformly with 
the liquid, they are said to “dissolve” the solid, the 
liquid thus obtained being called a “solution” of the 
solid, and the liquid which dissolves the solid being © 
termed the “solvent.” Thus water, when shaken with 
sodium chloride (common salt), dissolves it, yielding solu-_ 
tion of sodium chloride; and water is therefore called a 
solvent for sodium chloride. Further, a solid which dis-_ 
solves in a liquid is said to be “soluble” in that liquid ; 
if it does not dissolve it is said to be “ insoluble.” 

The process of solution is more rapid when the solid 
substance is employed in the state of powder than when > 
it is in large lumps, since a larger surface of the sub- 
stance is exposed to the solvent by the powder ; it is also” 
much hastened by heating the solvent, which causes a 
more rapid circulation of the liquid over the solid, and 
also frequently increases the solubility of the substance. 

Two kinds of solution may be distinguished. “Simple 
solution” occurs when a substance dissolves in a liquid 
without alteration in composition, the solution possessing 
therefore the taste, color, and other general properties of 
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_ the solid, and yielding the solid substance again when 
the solvent is removed by “evaporation.” Solution of 


sodium chloride in water is an example of a “simple 


- solution.” 


“Chemical solution,” on the other hand, is always at- 


tended by a chemical change in the substance to be dis- 


solved; and since the solution therefore contains a sub- 
stance differing in composition from the undissolved solid, 
the properties of the solution are usually not the same 


as those of the undissolved solid, and on removing the 


solvent by evaporation the original substance is not ob- 
tained. 
In dissolving solid substances in liquids, test-tubes, 


porcelain basins, or small glass flasks are generally em- 


ployed. 
Exp. 33.—Place a piece of potassium nitrate (nitre) in 


~asmall clean beaker, fill the beaker one-third with water,! 


and stir the solid about in the water with a glass rod ; 
the potassium nitrate will slowly dissolve in the water ; 
if the liquid be heated the solution will be much more 
rapidly effected. Powder another piece of potassium 
nitrate by crushing it and then rubbing it in a mortar 


_ with the pestle; place this powder in a test-tube, pour in 


water, and heat the bottom of the test-tube; the potas- 
sium nitrate will dissolve much more rapidly than before, 


showing that solution is accelerated by powdering the 


solid and employing heat. Keep these solutions. 
Exp. 34.—Powder a little copper sulphate (blue vitriol) 


in a mortar, place it in a small porcelain dish, half fill 


signify distilled water. 


the dish with water, and heat it on a tripod or retort 
stand. The blue copper sulphate dissolves, yielding a 


blue solution. Keep this solution. 


_ These two experiments are both examples of “ simple 


solution.” Exp. 33 shows that a colorless solid gives a 
_ colorless solution. Exp. 34 proves that a colored solid 
gives a colored solution. This is generally true, and 


hence we can often infer the presence or absence of a 


_ colored substance in a solution by merely noting the 


* Here and in all subsequent cases water must be understood to 
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color of the liquid. Moreover, if adrop of the potassium 
nitrate solution be tasted, it will be found to possess the 
same taste as the solid; chemists occasionally rely upon 
taste, as well as upon color, when examining “simple 
solutions.” 

Exp. 35.—Place in a test-tube a small piece of calcium 
carbonate (marble or chalk), pour upon it a little water, 
and heat the tube. The calcium carbonate will be found 
to be “insoluble” in. water. Add to the water some hy- 
drochlorie acid: “ effervescence,” or escape of numerous 
small bubbles of gas, will occur; the piece of calcium 
carbonate will meanwhile slowly diminish in size, and 
will at last entirely disappear in the liquid if sufficient 
acid is added. 

Exp. 36.—Place in a test-tube a small piece of cop- 
per; on warming this with a little water it remains un- 
dissolved, but on adding to the water some nitric acid 
and heating, the copper slowly dissolves, giving off red 
fumes, and will be entirely dissolved if sufficient nitric — 
acid is employed. 

Experiments 35 and 36 are examples of “chemical 
solution ;” the calcium carbonate is changed by the hy- 
drochloric acid into calcium chloride, and this substance, 
not the calcium carbonate, remains in solution. The cop- 
per is changed into copper nitrate, which is then dissolved 
by the water. It will be noticed that in both these cases 
a gas is given off; this is a very usual, but not a uni- 
versal, effect during “chemical solution ;” the distin- 
guishing fact is that the solid substance which is to be 
dissolved has undergone a chemical change in the act of 
passing into solution. 

21. Evaporation—When it is wished to obtain a 
substance, which is dissolved in a liquid, in the solid 
condition, the liquid is boiled away as a vapor, or 
“ evaporated ;” the solid substance is then left behind in 
the vessel. 

Exp. 37.—Pour the potassium nitrate solution from 
Exp. 33 into a porcelain evaporating-basin, place the 
basin on a tripod-stand, and boil it over the Bunsen 
flame until the water has been nearly boiled away; then 
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make the flame smaller and continue heating until the 
water has disappeared. The solid potassium nitrate is 
left in the dish. ‘ 

In evaporating a solution, a small flame or a rose 
burner should always be used towards the end of the 
process, and the flame should be moved about, if neces- 
sary, else some of the substance will spirt out of the 
dish. 

Often’ a part only of the liquid is evaporated for the 
_ purpose of “concentrating” the solution, 7. ¢., making it 
stronger by removing a portion of the solvent. A solu- 
tion, when ,sufficiently concentrated, will often form 
“crystals” of the dissolved substance if allowed to stand 
till cold. 

Exp. 37 a.—Concentrate the copper sulphate solution 
made in Exp. 34, and allow it to cool; if sufficient water 
has been evaporated it will form crystals. Keep the 
copper sulphate in the dish. 

22. Precipitation —T wo perfectly clear and transparent 
solutions, on being mixed together, often become more or 
less turbid and opaque, owing to a solid insoluble sub- 
stance being formed in the liquid. A solid substance so 
formed in a liquid is called a “ precipitate.” 

Exp. 38.—Pour into a test-tube some barium chloride 
solution, and then some ammonium carbonate solution ; 
a white precipitate is formed owing to the production of 
insoluble solid barium carbonate. Keep this test-tube 
with the precipitate. 

In the above instance barium chloride and ammonium 
_ carbonate separately dissolve easily in water, but if their 
solutions are mixed they yield by a chemical change two 
different substances,—ammonium chloride and barium 
carbonate. The former of these dissolves in water, but 
the latter (like marble) is insoluble, and therefore re- 
mains free as a powder in the liquid. 

_ Substances are very frequently removed or separated 
in analysis by caftising them to form insoluble compounds 
or precipitates with other substances which are added for 
the purpose. 

_ “In producing a precipitate, care must be taken that 
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the two solutions are well mixed; this mixture may be 
effected by closing the mouth of the test-tube with the 
thumb and several times inverting is, or often by simply 
warming the bottom of the test-tube in the flame; mix- 
ture may also be effected by stirring with a glass rod, or 
by pouring the liquid from one vessel to another. The 
last three methods are to be used when the liquid present 
is corrosive, and therefore must not be allowed to touch 
the skin. A precipitate which does not form readily is 
often caused to appear more rapidly on thoroughly mix- 
ing or agitating the liquid by the above means, or by 
heating it. 

Precipitates produced with different substances differ 
much in appearance and properties; hence a precipitate 
is frequently formed to show the presence of a substance — 
or to separate one substance from another. Substances. 
thus added to produce precipitates are called “ reagents.” 

The appearance of a precipitate is usually described 
by its color and its condition: it is “floceulent” if it 
forms in flocklike masses, “crystalline” if in small par- 
ticles which are seen to be crystals under a lens or mi- 
croscope, “gelatinous” if jellylike, ete. A slight pre- 
cipitate causes only a “ turbidity” in a liquid. 

The color of a precipitate or liquid is often invisible 
or falsified by gaslight; if the color is to be seen at night, 
it should be examined with the light produced by a piece 
of burning magnesium ribbon. 

Occasionally “solid substances are used to produce pre- 
cipitates; thus one metal is not unfrequently precipitated 
from its solution by immersing in the liquid another metal. 

Exp. 39.—Dip a clean penknife blade into some of 
the copper sulphate solution left from Exp. 37 a, to which 
a few drops of sulphurie acid have been added; after a 
short time the metal copper is precipitated from its solu- — 
tio and covers the iron as a red film. . 

23. Filtration and Decantation.—It is frequently nec- 
essary to separate a precipitate from the liquid in which 
it is suspended, This is effected either by filtration or 
decantation. 


23 a. Filtration is performed by pouring the liquid 
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containing the precipitate upon some porous paper; the 
liquid itself runs through the pores of the paper, but the 
solid particles of the precipitate cannot pass through, and 
remain on the surface of the paper. The paper employed 
is called ‘ filtering-paper,” and the liquid which runs 
through is termed the “filtrate.” A filtrate may fre- 
quently be colored by some substance dissolved in it, but 
it must always be perfectly clear and free from turbidity 
caused by solid particles suspended in it. 

Exp. 40.—Measure a glass funnel from its shoulder 
to its edge along the sloping side (Fig. 24), cut a square 
of filter-paper whose edge is rather less than 
double this length, fold it across first along 
the dotted line (Fig. 25 a), then again as 
shown by the dotted line in Fig. 2556. This 
gives a square (Fig. 26 c) which at one angle 
has four free corners; these are removed by 
cutting with a pair of scissors along the curved 
dotted line shown in Fig. 25c. The “ filter” 
is now made and merely requires to be opened ;_ by sepa- 
rating the edges, formed by cutting off the corners, so 
that they form a circle, three remaining on one side of 
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_ the circle and one on the other, a little closed pointed 
_ paper bag is formed (Fig. 25d); this is gently pressed 
with dry fingers into the dry funnel, and the folding 
_altered if necessary till it fits tightly into the glass; it is 
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then moistened all over with a little water from the wash- 
bottle, and is ready for use. 
The preliminary moistening of the filter-paper must 


not be neglected, since if the liquid and precipitate are 


poured upon a dry filter, some particles of the precipitate 
get between the fibres, which then swell by the wetting, 
inclosing the solid particles and stopping the pores of 
the filter. 

As an example of the process of filtration, the barium 
carbonate precipitate obtained in Exp. 38 may be fil- 
tered off. Pour the liquid containing the precipitate upon 
the filter, the funnel being placed with its neck in a fest- 
tube, and the test-tube being supported in a test-tube 
stand (Fig. 26); care must be taken that 

the inside of the upper part of the test- 
tube is not wetted, else the space between 
the neck of the funnel and the inside of 
the tube is liable to become. filled with 
liquid, and the egress of air being thus 
prevented the filtration is stopped. The 
funnel might also be supported upon the 
ring of a wooden filter-stand, and the 
‘filtrate be received in a small beaker in- 
stead of in a test-tube. Take great care not to let the 
level of the liquid in the funnel reach the upper edge of 
the filter-paper. If the above directions have been car- 
ried out, and no hole has been made in the paper whilst 
preparing the filter, the filtrate will run through perfectly 
clear, leaving the barium carbonate on the filter. Keep 
the funnel, filter, and precipitate. 

Circular filters can be purchased ready cut, and only 
requiring to be folded twice to be ready for use. The 
filter must always be of such size that when placed in 
the funnel its edge is below the rim. Sometimes the fil- 
trate runs through turbid; it can then usually be made 
quite clear by passing the whole, or the first portions, of the 
filtrate once or twice again through the same filter; but 
with many precipitates a double filter should be used, 
a double filtration being thus performed in one operation. 

It should be borne in mind that hot liquids run through 


= 
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a filter much more quickly than cold; hence, if not in- 
admissible for other reasons, a solution should always be 


boiled before being filtered. 


Note.—Common filter-paper contains a little calcium carbonate, 
_ which is of no importance in ordinary analyses, and is only objection- 
~ able when a substance has to be examined for traces of calcium. To 
remove this impurity, in special analyses, the filters are moistened in 
_.a funnel with dilute hydrochloric acid, and then well washed with 
_ distilled water. 


23 b. Decantation.—Precipitates which settle rapidly 
and completely in the liquid in which they are formed 
may frequently be separated from that liquid without 
the use of a filter. The vessel is allowed to stand at rest 
until the precipitate has 
completely settled, and heel 

the liquid is then care- 
fully poured off or ‘“ de- 
canted,” by allowing it to 
run gently down a wet- 
ted glass rod which is 
pressed against the edge 
or lip of the vessel (Fig. 
27), the precipitate being 
left in the vessel. This process, if carefully performed, 
effects a fair separation of heavy precipitates. The pre- 
cipitate obtained by adding sulphuric acid to some boil- 
‘ing solution of barium chloride may be separated by de- 
cantation. Keep the precipitate in the test-tube. 
_ 24. Washing Precipitates—A precipitate which has 
been filtered from the liquid in which it was suspended 
has often to be washed until it is perfectly free from the 
adhering liquid. This “washing” is performed as de- 
-seribed under 24 a if the precipitate has been separated 
by filtration, and by 24 6 if by decantation. 
_ 24a. Exp. 41.—Support the funnel, which contains 
the filter and barium carbonate precipitate from experi- 
ment 40, with its neck in a beaker or flask, and blow in 
a finestream of hot distilled water from the wash-bottle, 
so directed by moving the jet with the fingers as to stir 
‘up the precipitate well; in this way fill the filter to 
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within a short distance from its edge; let this water run 
‘through perfectly, then nearly fill the filter again in the 
manner just described ; repeat this process two or three — 
times, letting the liquid run through perfectly each time 
before putting in a fresh quantity; the water running 
through from the third or fourth washing will usually be 
quite tasteless, and the precipitate and filter will be freed 
from everything soluble in water. Boiling, or at least 
hot, water should always be used for washing purposes, 
as the process is thus rendered much more rapid. 

24 b. Washing by Decantation.— Heavy precipitates, 
after having been separated from liquids by decantation, 
are washed also by the same process. The precipitate is — 
shaken or stirred with distilled water, and allowed to — 
settle; when the water has become quite clear it is 
poured off (Fig. 27). By several times repeating this 
washing process with addition of fresh portions of dis- 
tilled water, the precipitate may be entirely freed from 
adhering solutions. 

The precipitate of barium sulphate, remaining in the 
test-tube from the experiment at the end of 23 6, may 
be thus washed by decantation. 

25. Drying Precipitates—A._ precipitate is often re- 
quired in a dry condition after it has been filtered off and 
washed. It is dried by placing the — 
funnel in a hollow tin cone or cylinder, 
the filter-dryer (Fig. 28), and support- 
ing this on a piece of wire gauze upon 
a tripod-stand over the flame of a rose 
burner turned very low; or the filter- 
dryer may be placed on a gently heated 
sand-bath. he funnel is thus heated 
by the current of hot air, and rapidly 
dries the filter and precipitate. Great 
care must be taken to regulate the heat 
and watch the process, so as not to char the filter. . 

A more rapid method of drying a precipitate, after it 
has drained for a time, consists in spreading the filter 
upon a piece of wire gauze supported on a tripod-stand ; 
a small flame from a rose burner is then placed beneath — 
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the gauze, and the filter carefully watched to avoid 
charring it. 

A precipitate is partially dried by opening out the 
filter upon several dry filter-papers; this process may 

precede those already mentioned. 

+26. Removing Precipitates from the Filter—When a 
small quantity of a moist precipitate has to be taken 
from a filter to test its behavior or closely examine its 
appearance, it is most readily removed by dipping the 
end of a glass rod into the precipitate; by touching a 
watch glass or the interior of a test-tube with the end of 
the rod, a small quantity of the precipitate is deposited 
for examination. 

If the precipitate is to be removed from the filter as 
completely as possible, several methods are available; 
one or other must be chosen according as circumstances 
render it suitable. 

a. The bottom of the filter may be pushed out through 
the neck of the funnel with a glass rod, which is small 
enough to pass easily through the neck (11 a), and the 
precipitate may then be washed down into a vessel be- 
neath with a fine stream of water or other. liquid from 
the wash-bottle. 

b. Without breaking the filter the funnel may be held 
with its neck horizontal, and the rim just inside the 
_ edge of a porcelain dish (Fig. 29); the precipitate is then 
washed out by directing a fine stream of water from a 
wash-bottle against the sides of the filter. 

_ ¢. The filter and precipitate are allowed to stand for 
some time, so as to drain off as much water as possible; 
the filter is then carefully taken out 
_ of the funnel, partially dried if neces- Fra. 29, 
sary by laying it upon several folds f 
_ of filter-paper, and after removing the 
portions of the paper which contain 
no precipitate, together with the empty 
fold,’ it is spread out inside a porce- 


_’ Filters may be made without this fold, by cutting one of the 
- round papers (Fig. 25 d) through across one of the folded diameters, 
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lain dish; the liquid with which it is to be treated is 
poured upon it, and by shaking the dish so as to cause 
the liquid to move round and round, and occasionally 
carefully stirring the precipitate with a glass rod, the 
precipitate is washed off the paper without tearing the 
latter to pieces. The paper is then carefully removed 
by a glass rod. 

d, If it is undesirable to add a liquid to the precipi- 
tate upon the filter, the filter and precipitate, after drain- 
ing for a short time, are removed from the funnel; the 
filter is spread out upon a flat piece of glass and the pre- 
cipitate carefully scraped off with a glass rod or a small 
spatula. If the precipitate is required dry, the filter, 
after removal from the funnel, may be carefully opened 
and spread upon several thickness of filter-paper to 
drain. When there is a large quantity of the precipitate 
a sufficient quantity may be removed on the end of a 
glass rod or spatula, without taking the filter out of the 
funnel. This method is usually the most imperfect, but 
is frequently the best for other reasons. 

e. A precipitate has sometimes to be dissolved off the 
filter; the hot liquid used as a solvent may then be poured 
upon the precipitate; it will run through the filter into a 
vessel below, taking with it the precipitate in solution. 
The liquid, after it has run through, should be heated 
again, and once more poured upon the precipitate, if the 
latter is not entirely dissolved; this re-heating and re- 
turning of the liquid to the filter should be continued as 
long as anything is dissolved ; any remaining portion of 
the precipitate must then be removed by a little fresh 
solvent. 

f. A precipitate, if small in quantity, may also be rinsed 


_ off the filter with the liquid with which it is to be treated 


or dissolved. The funnel is placed with its neck in a 
test-tube, the liquid is poured into the filter from another 
test-tube, and the precipitate is quickly stirred up with 
the liquid with a glass rod thin enough to pass down 


bringing the cut edges together, and sharply folding them over 
several times, pressing them with the nail; if properly made, such 
a filter is perfectly i impervious to the precipitate. 
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through the neck of the funnel ; the bottom of the filter 
is then pushed out through the neck by the glass rod, 
and the liquid carrying most of the precipitate will run 
through ; if some of the precipitate remains on the filter, 
the same liquid is poured through the filter again into 
_ the other tube, and by thus pouring backwards from one 
tube to another all the precipitate may be removed. 

Note——The greater part of a precipitate may often be 
removed by a clean knife or spatula, and the remainder 
by some one of the foregoing methods. 

Exp. 42.—Remove the precipitate of barium carbonate 
remaining from Exp. 41 from the filter by one of the 
above processes, using hydrochloric acid as a solvent for 
method e. 

27. Iqnition.—Solid substances occasionally require to 
be heated strongly or “ignited.” This process of ignition 
is employed with various objects. 

1st. In order to see what effect strong heat has upon a 
substance, since by this means we can frequently detect 
its composition. For this purpose we use small tubes 
made from hard glass tubing (10), or small test-tubes. 

Exp. 43.—Heata little mercuric oxide in a small tube 
of hard glass; after a short time minute shining drops of 
_the metal mercury will be seen on the upper part of the 
tube; if then a small splinter of wood with a spark at its 
end be held in the tube it will burst into flame. The 
behavior of this red powder on being “ignited,” there- 
fore, shows it to contain the elements mercury and 
oxygen. 

Substances are often heated on platinum foil with the 
same object. Thus a little charcoal powder when heated 
on platinum foil burns away. 

_ 2d. Ignition is also used as a means of separating 
_ from a solid mixture substances which are “ volatile,” or 
_ which change entirely into vapor when heated ; these are 
driven off by heat from other substances which are “ non- 
_ volatile,” or can be strongly heated without changing into 
_ vapor, and which therefore remain behind. 

_ Exp. 44.—Heat a small piece of ammonium chloride 
_onastrip of platinum foil held in the flame by crucible 
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tongs; the ammonium chloride being volatile will give 


off white fumes, which are best seen by removing it from 
the flame for an instant, and the solid substanee will 
slowly disappear or “ volatilize.” 

Heat in the same way a small piece of potassium chlo- 
ride; this will melt, but will not disappear, since it is 
only slightly volatile. It will become solid again on 
cooling. 

Hence, if from a mixture of ammonium chloride and 
potassium chloride the potassium chloride is to be ob- 
tained alone, the mixture would be strongly heated for 
some time, when the ammonium chloride would be re- 
moved as vapor, leaving the potassium chloride behind. 

28. Sublimation is the process of heating solid sub- 
stances and converting them into vapor, then cooling this 
vapor so as to “condense” it, or render it solid again. 
A volatile substance may thus be obtained free from 
other substances which are not volatile or only slightly so. 

Exp. 45.—Heat a small piece of ammonium chloride 
in a tube of hard glass closed at one end and two or 
three inches in length ; it changes into vapor, which again 
cools into solid ammonium chloride in the upper part 
of the tube. This is an example of the process called 


“sublimation,” and the solid substance at the upper part _ 


of the tube is a “sublimate.” 

29. Fusion.—Substances are often melted or “fused” 
together to cause certain chemical changes to occur be- 
tween them. Melting or “fusion” is performed some- 
times on platinum foil, but often in porcelain or plati- 
num crucibles. For fusion in a crucible an intense heat 
is often requisite; this may be obtained by using the 
blowpipe flame, but the Bunsen flame will usually suffice 
if the crucible be surrounded by the conical filter-dryer 
(Fig. 28, p. 64) which steadies the flame and increases 
the draught. 

Exp. 46.—Place upon a slip of platinum foil a mix- 
ture of powdered sodium carbonate and potassium nitrate, 
then a very small quantity of manganese oxide; hold the 
foil with crucible tongs in the top of the Bunsen flame, 
or heat the under surface of the foil with the blowpipe 
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flame. The mass will melt or fuse; it is kept in a melted 
state for a short time and then allowed to cool, when a 
bluish-green mass is obtained. The production of this 
color is due to the presence of sodium manganate formed 
by the fusion; this color on fusion with sodium carbonate 
and potassium nitrate is produced only when manganese 
is present, and is therefore a test for that element. 

30. Use of the Blowpipe—The blowpipe is used, as 
has been already explained (4), to obtain an intensely hot 


_ flame which may be made to play in a convenient direc- 


tion upon any substance to be heated; it is very useful 
for analytical purposes, since by its skilful use the com- 
position of an unknown substance, when ascertained by 


other means, can usually be confirmed; and with many 


substances (especially minerals) a complete, or at any rate 
sufficient, analysis can be made by the blowpipe alone. 
The way in which the flame is obtained has been already 


explained (4). 


In a well-formed blowpipe flame two parts may be 
distinguished: the “inner flame,’ which is blue and 


pointed, and around and beyond this an almost colorless 


flame, “the outer flame.” ‘he inner flame is often called 
the “reducing” or “deoxidizing flame,” because it sepa- 
rates or “reduces” metals from their oxides and com- 
pounds, and in general “deoxidizes” substances ; the 
outer flame is also known as the “ oxidizing flame,” be- 
cause it changes metals into their oxides, and “ oxidizes” 


- many other substances. These two flames also produce 


other distinctive effects. 

The “inner flame” is best obtained of large size by 
placing the tip of the blowpipe nozzle only in the very 
edge of the flame, or even just outside it; the “outer 


flame” is best obtained by putting the nozzle much fur- 
ther into the gas flame. It may also be noted that the 
“reducing flame” is furnished most readily by the lu- 


minous gas flame; the “oxidizing flame” is most easily 


and perfectly formed from a Bunsen flame which con- 
tains some air, and which is obtained by either leaving 
- the air-holes at the foot of the burner entirely open or by 
only partially closing them. 
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There are several purposes for which the blowpipe is 
employed in analytical chemistry with which the student 
should become familiar ; the following experiments will 
exemplify the most important of them. 

31. Exp. 47.—Borax Bead.—Place a little borax, 
which has been finely powdered in a mortar, upon a 
watch glass; moisten the loop of a piece of mounted 
platinum wire (12) with water or in the mouth, and dip 
it into the powdered substance, then hold the loop with 
the adhering powder in the blowpipe flame until the bo- 
rax melts; if this is insufficient when melted to forma 
bead which fills the loop, dip the loop with the melted 
substance upon it again into the powder,—more powder 
will adhere and may be melted in the flame; in this way 
powder is to be constantly added until when held in the 
flame a liquid drop or bead is produced which completely 
fills the loop. This bead must be perfectly colorless and — 
transparent on cooling. Keep the bead on the wire. 

If the melted bead easily drops from the wire, either 
the loop or the bead is too large and must be lessened in — 
size. ‘The most convenient-sized loop is one which is 
rather less than one-eighth of an inch across; it is best 
made by rolling the tip of the wire round a piece of stout 
wire. If the bead is too large, remove a portion whilst 
it is in a fused condition by giving the wire a sudden jerk. 

Certain substances when melted in this bead color it, 
and asa rule the color produced by each of these sub- — 
stances has some characteristic tint or peculiarity. The 
color of the bead should be examined after it has been 
heated, first in the outer and then in the inner flame, and 
must be noted both hot and cold. If the bead appears 
opaque, on account of too much of the coloring substance 
having been introduced, it can generally be made trans- 
parent by shaking off some of the fused borax, or by flat- 
tening the fused bead by gently squeezing it between a 
small pair of pincers. 

Exp. 48.—Moisten the clear cold borax bead and dip — 
it into some powdered ferrous sulphate, thus taking up 
very little of the powder upon it; then heat the bead and — 
substance for a short time in the tip of the outer blow- 
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pipe flame, and examine the color of the bead by looking 
through it ata piece of white paper or at a window light ; 
it will be reddish-brown whilst hot, but the color will 
become lighter on cooling; now heat the bead again for 
some time in the tip of the inner blowpipe flame; its color 
will be changed to green. These two colors, shown by 
the borax bead in the outer and inner blowpipe flames 
respectively, characterize the metal iron. 

The fused borax bead is detached by giving the wire 
a sudden jerk; it may also be removed after cooling by 
crushing it on a hard flat surface by a sharp blow with 
the pestle. The wire when not in use should be kept in 
dilute hydrochloric acid. Should it not be perfectly 
clean after washing off the acid, the simplest method of 
cleansing it is to make a fresh bead upon the loop and 
jerk it off whilst melted; this will usually remove all 
impurity. A borax bead must never be used for these 
purposes until it has been found to be perfectly colorless, 
both hot and cold, when heated in the outer blowpipe 
flame. If the first bead which is made in the loop is 
tinted with any color, it must be jerked off whilst fused 
and another bead formed with fresh borax, this being 
also thrown off and replaced if not quite free from color ; 
this process is to be repeated until the bead is obtained 
perfectly clear and colorless. 

32. Flame Colorations.'—Many substances give a char- 
acteristic color to the flame. The blowpipe flame is often 
employed to obtain these colors ; an ordinary Bunsen flame, 
howeyer, although it does not give the 
colors quite so promptly and intensely, Fi. 30. 
answers the purpose well. 

The flame best suited for this purpose 
is obtained by surrounding the Bunsen 
_ flame with a conical chimney, reaching 
_ about two-thirds of the height of the flame 
- (Fig. 30), and then so regulating the sup- 
ply of air entering into the air-holes thata 
_ small luminous point appears near the top 


1 For a more detailed and exact description of flame tests, see Bun- 
_ sen’s paper in the Philosophical Magazine for 1867. 
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of the flame; the platinum wire is held either in this 
luminous tip or just above it. A filter-dryer also forms 
avery good chimney, being supported just above the foot 
of the burner on a wire tripod, which may be made by 
bending down the ends of a pipe-clay triangle. 

Exp. 49.—Hold a loop of platinum wire in the inner 
blowpipe flame ; if the wire is clean it will become red- 
hot without coloring the flame. If it colors the flame, 
clean the wire by boiling it with hydrochloric acid in a 
test-tube, and then rinsing well with water; or by moist- 
ening with strong hydrochloric acid, and heating strongly 
in the blowpipe flame until it no longer colors the flame. 
If it cannot be thus cleansed, cut off the end. Now 
moisten the wire and dip it intoa little powdered sodium 
chloride, or dip the loop into some sodium chloride dis- 
solved in water, so that when removed a drop of the solu- 
tion remains in the loop, then hold the loop at the tip 
of the inner blowpipe flame; the outer flame will be col- 
ored bright yellow. Repeat the experiment, placing the 
moistened loop in the upper and outer part of the Bun- 
sen flame; the same yellow tint will be obtained. This 
yellow color is given only by sodium and its compounds. 

Remove all sodium chloride from the platinum wire 
loop by heating it strongly in the tip of the blowpipe 
flame until it ceases to impart any color to the flame. 
Then dip the wire into some potassium nitrate solution ; 
this will give to the flame a pale-violet color, which is 
characteristic of potassium and its compounds. 

As will be seen subsequently, the examination of flame 
colorations, aided by the use of colored glasses, and of a 
hollow glass prism filled with indigo solution, is of great 
use in ordinary analysis. 

Exp. 49 a.—Look at the yellow flame coloration pro- 
duced by sodium chloride through a piece of cobalt glass 
or through the indigo prism; no yellow color will be 
visible. Now dip the wire loop into a mixture of a few 
drops of sodium chloride and potassium chloride solu- 
tions; when held in the flame only the sodium coloration 
is seen, but through the blue glass or prism the potas- 
sium is seen to produce a red flame coloration. By means 
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of the blue glass or prism then potassium is discoverable 
in the presence of sodium, by which its presence is other- 
wise masked. 

_ By far the most perfect method of examining flame 
colorations, more especially for the rarer elements or for 
mere traces of the more common ones, is by the use of 
the spectroscope ; every advanced student should make 
himself familiar with the use of this instrument, at least 
in its simplest and smallest form. A paper on the use 
of the spectroscope for qualitative analysis will be found 
in the appendix ; this is well worthy of the attention of 
senior students. 

- Two platinum wires should be kept in readiness, one 
to be used for borax beads and the other for flame colora- 
tions, since a loop which has been used for borax colors 
the flame yellow. 

33. Ignition on Charcoal in the Blowpipe Flame.— 

Wood charcoal forms a very useful support for substances 
which are to be heated in the blowpipe flame. It cannot 
itself be melted, it conducts heat very badly, and posessess 
other properties which render it peculiarly adapted for 
ignitions. It is, if necessary, sawn into small pieces of 
the required shape and size with a fine-toothed saw. 
- Ignition on charcoal serves chiefly to detect the pres- 
ence of metals; the substance for this purpose is heated 
either alone or mixed with certain other substances (usu- 
ally sodium carbonate and potassium cyanide) in the 
inner blowpipe flame; globules or scales of the metal are 
thus frequently produced, also in many cases the oxide of 
the metal forms a characteristic coating or “ incrustation” 
on the charcoal ; an examination of the color and prop- 
erties of the metal or incrustation, or of both, will fre- 
quently lead to the detection, or confirm the presence, of 
some metal. Charcoal is apt to leave a white ash when 
heated alone in the blowpipe flame; this must not be 
mistaken for an inerustation. A powder frequently re- 
‘quires to be moistened with water before being heated by 
the blowpipe flame, in order to prevent the flame from 
blowing it off the charcoal. 
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Exp. 5Q.—Choose a piece of wood charcoal free from 
large cracks, scoop out a small hollow near one end with 
a knife, and place in the 
hollow a small quantity of 
a mixture of powdered lead 
acetate and sodium carbon- 
ate or potassium oxalate. 
Heat this mixture in the 
inner blowpipe flame, hold- 
ing the charcoal in such a 
way that the rest of the flame — 
plays over its surface (Fig. 
31). After heating for some 
time bright globules of lead 
will be seen in the cavity, and on removing the charcoal 
from the flame the surface round the cavity will be 
found to be colored with-a yellow “incrustation.” If 
one of the little globules of metal be then taken off the 
charcoal with the point of a penknife, and be struck 
smartly with a pestle on the bottom of a mortar turned 
upside down, it will flatten out into a cake, showing that 
the metal is “ malleable” not “ brittle.’ The metal lead 
is the only metal which gives a yellow incrustation and 
malleable globules; this test therefore serves to detect its 
presence, | 

33 a. The melted mass left on the charcoal after fusing 
a metallic salt with sodium carbonate is best examined 
for metallic powder or scales by detaching it from the 
charcoal with the point of a penknife, then crushing it~ 
in an agate mortar or in a watch glass with a little water; 
on stirring and quickly decanting the water down a wet 
glass rod or pestle held against the edge of the vessel 
(Fig. 32), the metallic powder, if present, will be left; by 
repeating this process of “levigation,” the metal is ob- 
tained free from soluble substances and charcoal; it may 
then be further examined by a lens or magnet. A mix- 
ture of copper sulphate with sodium carbonate, when 
heated on charcoal and “levigated” as directed above, 
will furnish little red scales of copper; a mixture of fer- 
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rous sulphate and sodium carbonate will yield a gray 
powder consisting of metallic iron, which, when touched 
with the point of a magnetized knife, will become at- 
tached to it. 


Fie, 32, 


34. Use of Test-papers.—Certain vegetable colors 
undergo remarkable changes when acted upon by chem- 
ical substances. Some of these are used for analytical 
purposes ; the following experiment will explain how 
they are made use of. 

Exp. 51.—Boil some pieces of a common red pickling 
cabbage-leaf in water; a blue liquid will be produced. 
Pour some of this liquid into a test-tube and add several 
drops of hydrochloric acid, the color will change to bright 
red ; to another portion of the blue liquid add several 
drops of ammonia, the color changes to, green; to a third: 
portion of the blue liquid add a little ammonium chloride 
solution, the color remains unchanged. 

Mix in a test-tube a little ammonia solution with three 
times as much distilled water, and add this weak ammo- 
“nia gradually to the liquid reddened by several drops of 
hydrochloric acid; by careful addition the blue color 
may be exactly restored, the acid previously added being 
“neutralized” by the ammonia. 

Exp. 52.—Pour some blue litmus solution (made by 
boiling solid litmus in water and filtering) into three 
test-tubes; to the first add hydrochloric acid drop by 
‘drop until it turns distinctly red, preserve this liquid ; 
to the second add ammonia solution, the liquid remains 
blue; to the third add ammonium chloride solution, the 
olor will not be affected. 
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Divide the reddened liquid into three parts; to one 
part add ammonia solution, the original biue color is 
restored ; to another part add hydrochloric acid, the red 
color is unchanged; to the other part add ammonium 
chloride, the red color remains unaltered. 

These experiments may also be made with litmus test- 
papers, which are prepared by soaking paper in the blue — 
and red liquids respectively, and allowing it to dry. 

Exp. 53.—Repeat the preceding experiment, using — 
the litmus-papers instead of the solution, and moistening 
them with the liquid by dipping a glass rod into it and 
then touching the paper with the moistened end; the 
results mentioned in Exp. 52 will be obtained. 

It will be seen then that the three substances employed 
differ in their action on litmus test-papers, as follows: 


Hydrochloric acid......| reddens _ blue litmus | does not affect red litmus. 


ATOMIONIB A i ehicves oxcideses does not affect “ blues 


Ammonium chloride... does not affect 2s 


Each of these substances is a sample of a whole class, 
the members of which resemble it in their action on 
litmus. 

The class of acid substances, including sulphuric acid, 
nitric acid, etc., and many metallic salts, resemble hy- 
drochloric acid in reddening blue litmus and not affecting 
red. 

The class of alkaline substances, including potassium 
hydrate, sodium hydrate, etc., and many salts of the al- 
kalies, resemble ammonia in bluing red litmus and not 
affecting blue. 

The class of neutral substances, including potassium 
chloride, sodium chloride, ete., resemble ammonium chlo- 
ride in not affecting either blue or red litmus. 

Hence in analysis we use red and blue litmus-papers 
to test whether a liquid is “acid,” “alkaline,” or “ neu-_ 
tral.” 

The red cabbage liquid, as will be seen, is better suited 
for a test-paper than litmus, since one paper shows both 
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alkalies and acids; but the color is very apt to spoil with 
keeping. 

_ Sometimes a liquid in which a colored precipitate is 
suspended has to be tested by litmus-paper; the precipi- 
tate then frequently hides the color of the paper when a 
drop of the liquid is placed upon it. In such a case moisten 
the paper with a drop of liquid, and wash the liquid off 
after a short time with a stream of distilled water from 
the wash-bottle ; the color of the paper is then distinctly 
seen. ; 

35. Making Neutral, Acid, and Alkaline.—An acid 
substance by being mixed with a proper proportion of an 
alkaline substance becomes “ neutral ;” similarly an alka- 
line substance is rendered “ neutral” by mixture with a 
proper quantity of an acid. Thus by mixing hydro- 
chloric acid and ammonia in the proper proportions, the 
neutral substance ammonium chloride is formed; the 
acid is then said to be “neutralized” by the alkali, or the 
alkali by the acid. 

Jt is often required to “neutralize” an acid with an 
alkali or vice versa. The following experiment will 
show how this process of neutralizing an acid is per- 
formed. 

Exp. 54.—Pour a little hydrochloric acid into a por- 
elain dish, add to it ammonia, several drops at a time, 
keeping the liquid constantly stirred with a glass rod, 
and occasionally touching a slip of blue litmus-paper 
with the end of the rod moistened by the well-stirred 
iquid ; as soon as the paper is only faintly reddened by 
he liquid, the ammonia is added very carefully, stirring 
well after the addition of each drop, and trying the ac- 
ion of the liquid by touching the wet glass rod against 
first blue and then red litmus-paper, waiting a short 
time to give the liquid time to act on the paper. When 
the colors of both blue and red paper remain unaffected, 
the process of “neutralization” is completed. 

It is well to add dilute ammonia towards the end of 
he process ; this is prepared by mixing a little ammonia 
with three or four times as much distilled water in a 
test-tube. 
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The process of neutralizing may often be simplified, 
when the liquid is clear and colorless, by dropping into 
it a small piece of blue litmus-paper, the color of which 
is noted after each addition of ammonia; the condition — 
of the liquid should, however, even in this case be proved 
towards the end by moistening with it both red and blue 
paper. 

The process of neutralizing an alkali with an acid is 
precisely similar to that of neutralizing an acid with an 
alkali, except that red litmus is at first used instead of 
blue. 
35 a. It will be readily understood from what has 
been said above, that if an alkaline or neutral liquid is 
to be “acidified,” acid is added gradually, as was de- 
scribed in the preceding experiment, until a drop of the 
well-mixed liquid reddens blue litmus-paper. If an 
acid or neutral liquid has to be made alkaline, the alkali 
is added until a drop of the liquid turns red litmus blue. — 
These processes are often termed adding acid or alkali 
“in excess.” 

35 b. Yellow turmeric-paper is occasionally employed 
instead of red litmus to test for alkalies, which turn it 
reddish-brown; it is unaffected by acids, with the ex- 
ception of boracic acid. The most important use for tur- 
meric-paper is to test for boracie acid, the solution of 
which, if dried on the paper at a gentle heat, turns it 
orange-red. 

Exp. 55.—This may be shown by stirring a little 
borax upon a watch glass with dilute hydrochloric acid 
until it is dissolved, then moistening the lower part of 
a slip of turmeric-paper with this liquid, and holding it 
some distance above the flame, or, better, placing it in a 
steam oven until dry; the portion of the slip which was 
moistened will now appear reddish-brown, the color being 
well seen by contrast with the light-yellow upper portion 
of the paper. 
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) FRACTIONAL SOLUTION, CRYSTALLIZA- 
TION, AND DISTILLATION. 


1. Fractional Solution. — Since different substances 
show differences in solubility in water and acids, it is 
often possible by means of solvents to separate the con- 
stituents of a mixture. This process is termed separa- 
tion by “fractional solution.” Illustrate this by making 
a mixture of powdered ferrous sulphate (IeSO,.7H,O) 
and ferric oxide (Fe,O,); on warming a portion of this 
with water, FeSO,.7H,O alone dissolves, leaving Fe,O,: 

if another portion is warmed with HCl, both substances 
dissolve. 

2. Fractional Orystallization.— If a solution of two 
different salts be boiled down in an evaporating basin, 
one salt will usually furnish crystals before the other 
does, and by this process of “fractional crystallization ” 
a separation of the salts may often be effected. Boil down 
a solution of sodium chloride (NaCl) and nitre (K NQO,): 
NaCl will crystallize out of the boiling liquid in hollow 
cubes, and on cooling prisms of nitre will separate. 

3. Fractional Distillation—Liquids which boil at dif- 
erent temperatures may often be separated by distilla- 
tion (p. 40); that part of the mixture which first distils 
over consisting chiefly of the liquid with the lowest boil- 
ing-point, and the successive portions of the distillate 
becoming richer in the liquids of higher boiling-points. 
The process of “fractional distillation” may be illus- 
trated by distilling a mixture of alcohol and water ; since 
alcohol boils at a lower temperature than water, the first 
art of the distillate contains the greater part of ‘the aleo- 
101, as is shown by its burning and by its dissolving 
eamphor or iodine in quantity. The last portion of the 
distillate does not give these tests for alcohol, and is 
proved to be water by turning dry CuSO, blue and dis- 
solving it. 


SECTION IV. 
ANALYTICAL REACTIONS. 


Course of Practical Analysis to be Pursued by the 
Student.—The text is so arranged that two main courses 
may be framed from it in this and the following sections. 
The one is suited to senior students, and dispenses with 
the training in the detection of simple substances, which, 
although useful as a stepping-stone to the full analytical 
method, is in itself of only small importance. The other 
course is suited to junior students, and forms an easy 
approach to the more difficult complete methods of an-— 
alysis; it teaches the plan of analyzing simple substances 
which may contain one acid-radicle and one metallic-— 
radicle. ‘This course is therefore also suited to those 
who are learning analytical chemistry with the view of 
preparing themselves for examinations in which the can- 
didate is not required to detect more than one acid-radicle 
and one metallic-radicle. These courses are described 
below as the “senior course” and “junior course.” 

The senior course consists in working through the ana- 
lytical reactions in Section IV; as those for each group 
are completed, several substances whose composition is” 
unknown to the student are tested for one member only 
by the “table of differences” at the end of the group: 
as soon as these are detected with readiness, substances 
which may contain two or more of the members mixed 
together are analyzed by the group-table in Section VI: 
a reference to the “table of differences” will show at a 
glance on what principles these group-tables are founded, 
and this is further explained by a statement following 
the “table of differences.” This plan of working with 
each group-table before going on to the reactions for the 
next group is to be recommended, since, whilst the differ- 
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ences upon which the separation and special tests of the 
elements in the groups are fresh in the student’s memory, 
they are practically applied. The analytical tables are 
thus gradually rendered intelligible one after another, 
whilst the student is proceeding through the reactions. 
The book is so arranged, however, that the analytical 
tables may be left until the reactions for all the groups 
have been finished. When all the groups have been 
worked through in this manner, the analysis of substances 
is commenced which may contain any members of any 
of the different analytical groups; the directions for the 
systematic method of analysis required for this purpose 
being contained in Section VI. 
The Junior Course.—Since this is intended to teach 
only the detection of one metallic and one acid radicle, 
the student, whilst working through Section IV, omits 
all those paragraphs marked “s” after the number, re- 
lating to the separation and detection of the mixed mem- 
bers of a group; and, after finishing the reactions for 
each group, he proceeds to detect the members occurring 
singly in several substances of unknown composition by 
the table of differences, and by reference to the reac- 
tions. After working in this way through Section IV, 
he at once proceeds to analyze simple substances by Sec- 
tion V. 
As stated above, this junior course may occasionally 
be made to precede the senior with advantage; that is to 
say, the student, after working through the junior course, 
and learning how to detect simple substances, may analyze 
‘mixtures containing two or more members of each group 
by the directions given at the end of each of the groups 
in Section IV, and may then proceed to the full method 
of analysis contained in Section VI. 
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INTRODUCTORY REMARKS ON ANALYTI- 
CAL CHEMISTRY. 


The science of chemistry reveals to us the fact that 
every substance on this earth, and probably in the uni- 
verse, consists either of one kind of matter only, or of 
two or more different kinds which we cannot further 
separate. ‘Those substances which contain only one kind 
of matter are called ‘“ chemical elements ;’” their number 
at present amounts to a little over sixty. A list of them 
is given in paragraph 558 at the end of the book. 

It is not often that these elements occur singly ; two 
or more of them are commonly found together either in 
a state of mere “ mixture,” or united in a much more 
intimate manner by the force of “chemical affinity” to 
form a “ chemical compound.” 

Analytical chemistry or analysis (literally meaning an 
unloosening or separation) teaches us how to discover what 
element, elements, or sometimes what groups of elements, 
any substance of unknown composition contains ; it also 
enables us to ascertain whether any particular element or 
group of elements is present in a given substance. In 
order to become a thorough analyst, it is necessary to be 
intimately acquainted with the properties of every element 
and of the compounds it forms with other elements, and 
therefore efficiency in analysis depends in a large measure 
upon the knowledge of what is usually termed “ theo- 
retical,” or more appropriately, perhaps, “ descriptive 
chemistry.” But, although we recognize a substance by 
its properties, still a knowledge of all its properties is 
not requisite to enable us to detect its presence; for or- 
dinary analytical purposes certain marked properties of 
each element or group of elements are selected, and by 
these properties, called “ tests” or “ reactions,” we detect 
its presence. 

The “tests” or “reactions” most frequently selected 
are the following: 1st. The behavior of a substance when 
heated under various conditions; and 2d. Its behavior 
when mixed with certain liquid or solid substances ; such 
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substances, added for analytical purposes, are called 
reagents. Some reagents serve for detecting one ele- 
ment or compound only, and are therefore called special 
reagents ; others separate or detect a group of elements 
or compounds, and are called group reagents or general 
reagents ; these latter reagents serve to separate sub- 
stances into “analytical groups,” as will be more fully 
explained hereafter. 

The student must bear in mind that, although an ac- 
quaintance with the most important reactions of sub- 
stances is indispensable to success as an analyst, caution, 
skill, and neatness in manipulation are not less necessary, 
and the most scrupulous attention must be paid to all 
directions bearing on these matters. 

36. Analytical Classification—TVhe chemical elements 
are frequently divided into two classes, viz., metals and 
non-metals. ‘These classes form, with a slight modification, 
convenient divisions for analytical purposes. In the class 
of “metals ” must be included the hypothetical. metallic- 
-radicle ammonium (NH,), also the element hydrogen. 
, The class of “ non-metals,” either singly, or in groups : 
formed by their combination inter se or less frequently 
_with a metal, unite with hydrogen and with metals form- 
ing “salts;” the hydrogen salts of these radicles are 
usually called “acids.” Thus Cl,’ SO, PO, MnO, 
form the hydrogen salts or acids, HCl, H,SO,, H,PO,, 
~HMn0O,, and the metallic salts, KCl, MgSO,, Na,PO,, 
~KMnO,; metal-hydrogen salts or acid salts, such as 
- NaHSO,, Na. ,HPO,, are also known. The general name, 
-“acid-radicle,” is conveniently applied to Cl, SO,, PO, 
MnO, etce., it being understood that although most of 
these are unisolated compound radicles,—i. e., groups 

containing more than one element,—some of them are 
elements their common property is that of forming, in 
combination with hydrogen and with metals, salts. For 
analytical purposes, then, we may separate the substances 


! The meaning and use of chemical symbols will be briefly ex- 
plained hereafter (40); but the student is presumed to be already 
acquainted with them. In par. 558 will be found a list of the symbols 
of the different elements. 
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we have to detect into the groups of Metals and Acid- 
radicles. In trying the reactions for these substances it 
is usual to employ, not the substances themselves, but 
certain compounds—usually salts—which contain them. 

For convenience in hasty writing it is not uncommon 
to employ abbreviations for the compound radicles, es- 
pecially for such as are constantly met with or are of 
unusual complexity. In the text the only such abbre- 
viations employed are: 


Am for (NH,), the metallic-radicle ammonium. 


I “ (C,H,O,), the acid-radicle of tartaric acid and 
the tartrates. 

A  “ (C,H,O,), the acid-radicle of acetic acid and the 
acetates. 

Cfy “ (FeCy,), the acid-radicle of ferro- and ferri-cy- 
anides. 

Ho “ (HO), the radicle hydroxyl, occurring in hy- 
drates, ete. 


37. Analytical Groups.—The metals are separated by 
‘their behavior with certain general reagents into five 
principal groups, two of these being further subdivided 
into two sub-gronps. Each of these groups receives a dis- 
tinctive name,—either a number from its place in the 
system, or a name from some conspicuous or important 
member of the group, or from the general reagent used 
to precipitate the group. ‘Thus we speak indifferently 
of the 4th Group, the Barium Group, or the Ammon- 
ium-carbonate Group. On pages 190 and 191 will be 
found a table showing the analytical groups with their 
distinctive numbers, names, and group reagents placed at 
the head of each column ; the names and symbols of the 
elements contained in the group are arranged vertically 
beneath. 

It is, perhaps, well to avoid referring to a group by its 
number, as different analysts number the groups differ- 
ently, and the name thus given is therefore apt not to 
denote the group with certainty. 

38. Method of Trying the Analytical Reactions in Sec- 
tion IV.—In order to become fully acquainted with the 
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behavior of different substances with “reagents,” and 
thus to be able to detect them by their “ reactions,” each 
of these reactions should be performed with the substance 
itself or with one of its compounds, and the appearance 
presented carefully observed, so that the substance would 
be easily recognized in a body of unknown composition 
by means of those tests. 

The following general rules must be carefully attended 
to in trying the reactions; they may be read through 
before commencing the reactions (par. 47) : 

1. A solution of the substance which is directed to be 
used must always be employed, unless it is specially stated 
that the solid is required. Solid substances are required 
as a rule only for blowpipe reactions. A solution can be 
readily made from the solid, if necessary, by warming it 
with water, or in some cases with dilute acid (529). This 
is often called the “ original solution.” 

2. Commence by taking in a test-tube or small beaker 
a small quantity (about 15-20 cc.) of the solution of the 
substance. If the solid substance is also required, take 
some of it upon a watch glass. 

3. Pour a small portion of the solution into a perfectly 
clean test-tube, and add the first-mentioned reagent to it. 
The reagent must always be added in small quantity at 
first; more can be employed afterwards if excess is re- 


quired. The student must from the first acquire the 


habit of working with small quantities both of solutions 
and reagents. 
For each of the reactions a separate portion, of the 


“original solution” is thus poured into a clean test-tube 
and the required reagent added to it. 


4. Before trying each reaction the student must care- 


- fully read through the whole of the description of the 
_ results he is to obtain ; he must then perform the experi- 
_ ment, literally following out the directions given. He 
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must consider it a necessary condition of after-success that 


_ each result is obtained precisely as stated in the text, and 


must never on any account pass on until he has consci- 
entiously satisfied himself that the statements of the book 
are true, and that he could at any time repeat the test 
successfully. 
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39. Entry in Note-book.—Each reaction as soon as it 
has been satisfactorily tried, should be neatly entered in 
the note-book in a short form. Since nothing so much 
aids brevity as the symbolic notation commonly used by 
chemists, the student should invariably adopt this chem- 
ical shorthand in entering results. A full account and 
explanation of chemical notation may be found in any 
work on theoretical chemistry, and merely a few hints 
will therefore be given here which will be of special use 
for the purpose of briefly entering reactions, 

40. Chemical Notation.—Each element has its cor- 
responding symbol, consisting of one or two letters; thus 
S stands for sulphur, Cl for chlorine. These symbols 
also stand for one atom of each element; by being writ- 
ten one after another they give the formula of a com- 
pound substance, showing what elements, and how many 
atoms of each of these elements, its molecule contains ; 
thus KCl stands for one molecule of potassium chloride, 
a compound of one atom of potassium and one atom of 
chlorine; PtCl, stands for one molecule of platinie chlo- 
ride, which consists of one atom of platinum combined 
with four atoms of chlorine, the small figure placed. 
below a symbol to the right denoting how many atoms 
of that element are present. A number placed before a 
formula multiplies each symbol in that formula, thus 
2PtCl, signifies two molecules of platinum chloride, 
containing altogether two atoms of platinum and eight 
atoms of chlorine. If two or more symbols are included 
in brackets any number placed outside, either before or 
below the brackets, multiplies each symbol contained in 
the brackets ; thus both Sr(NO,), and Sr2(NQO,) stand 
for SrN,O,, and this may also be written Sr2NO,. In 
paragraph 558 will be found a list of the elements, With 
their symbols and atomic weights; paragraphs 524, 526, 
526, 529, and 530 contain a list of the names and cor- 
responding formule of all, the most common compound 
substances mentioned in the course of the book. Sym- 
bols and formule are always used in the text instead of 
names, but the student can readily find the correspond- 
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ing names by reference to the above tables, or to the 
labels on the bottles which should contain both names 
and formule. 

41. Chemical Equations.—On adding a “reagent” to 
a substance some change usually occurs which gives rise 
to an alteration of color, or very frequently to the forma- 
tion of a precipitate having a certain color, appearance, 
or behavior with other liquids, which are characteristic 
of that particular substance, or of some element or group 
of elements contained init; this change should be briefly 
described in the note-book in words, and then represented 
by a chemical equation. The rules for drawing out an 
equation may be found in any treatise on chemistry ; a few 
general directions only are given here, which will be of 
service for the special object in question. 

42. Rules for Writing Down an Equation—Write 
down the formule of the two substances which are mixed 
together for the reaction, with the sign of addition ( +- ), 
between them; then write the sign of equality (= ), fol- 
lowed by the formula of the precipitate produced. Ina 
complete equation the formule written on the left-hand 
side of the sign (=) are usually called the “ left-hand 
side” of the equation ; those to the right the “ right-hand 
side.” Since most of the following reactions are cases of 
* double decomposition,”—#. e., cases where a mutual ex- 
change of certain elements or groups of elements occurs 
between the two compounds,—a little consideration will 
usually show how many molecules of the substances on 
the left-hand side of the equation are required to yield 
the formula for the precipitate, and also whether any 
other, and if so what other, substance is at the same time 
formed. 

It is always necessary that the number of atoms of any 
one element on both sides of the equation should be equal. 

‘The following are dissected examples : 

The first test for K (47) : 


KCl + Ptcl, = KP, 


‘This is simply placing together the substances mixed and 
the precipitate formed ; the equation thus formed is evi- 
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dently not correct, since we have two atoms of K on the — 
right-hand side and only one on the left, also 6 atoms of 
Cl on the right and only 5 on the left ; but this inequal- 
ity is at once removed if we place 2 before the KCl, thus: 


2KC]-+ PtCl, = K,PtOl,. 


Evidently if the above equation is correct the precipitate 
is here the only substance formed, since the number of 
atoms in the substances on the left-hand side is exactly 
equal to that in the substance on the right. 

Take now the first test for Ba (69) : 


BaCl, + Am,CO, =BaCo, + 


This represents the substances mixed and the precipitate 
formed, but evidently the left-hand side of the equation 
contains more than the right-(viz., Am, and Cl,) ; hence 
we write it fully thus: 


BaCl, + Am,CO, = BaCO, + 2Am(Cl, 


which states that on mixing together barium chloride — 
(BaCl,)and ammonium carbonate(Am,CO,), we obtain ba- 
rium carbonate (BaCO,) and ammonium chloride (AmC\I), 

In writing out these equations a systematic method 
should be observed. Write down on the left-hand side — 
of the equation first the substance whose reaction is being 
tried, then the reagent added ; and on the right-hand side 
write first the formula for the precipitate with a line 
drawn over it by way of distinction, then any substance 
or substances which may be formed with it. 

In the reactions which follow, the formule of thesub- — 
stance used, of the reagent added, and of the precipitate 
produced will always be given, these being sufficient 
data to enable the student to form the equation; only — 
where the equation is exceptionally difficult or compli- 
cated will it be given in full. 

43. The following contractions are recommended : 


expt. for experiment. insol. for insoluble. 
pp. “precipitate. soln, “solution. 
pp". “precipitation. erystve, “ crystalline. 
ppt. “precipitated. col”, “coloration. 


soluble. 
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44. Examples are given below showing how the reac- 
tion should be entered in the note-book ; they should be 
referred to as soon as the student commences the reactions 
for the metals: 

Ist. [See pars. 47-50.] 

Porasstum (K).—Used KCl. 


_ PtCl,: stirred on watch-glass: yellow cryst®® pp., sol. in much 
_ water and in KHO, insol. in alcohol: 


2KCl + PtCh, = K2PtCl,. 


NaHT: well shaken in a test-tube: white cryst®e pp., sol. in 
water, KHO, and HCl: 


KCl + NaHT — KHT + NaCl. 


Flame col” ; pale violet, crimson-red through the indigo-prism or 
cobalt glass. 

Heated in tube or on platinum foil, solid KCl melted, but gave no 
fumes; hence not volatile. 


2d. [See pars. 69-74.] 
Barrum (Ba).—Used BaCl,. 
Am,CO, : white pp., sol. in HA : 
BaCl, + Am,CO, = BaCO, + 2AmCI. 
CaSO, : heavy white pp., insol. in boiling HCl : 
BaCl, + CaSO, = BaSO, + CaCl.,. 
K,Cr0, : light yellow pp., sol. in HCl, insol. in HA : 
, BaCl, + K,Cr0, = BaCrO, + 2KCl. 
_ Flame col” : on loop of Pt-wire, yellowish-green color. 


45. General Rules to be Observed whilst Working.—The 
‘student should attend carefully to the following precau- 
tions, which will most materially aid the progress and 
accuracy of his work; if they are observed from the 
commencement they will not be felt irksome: 

1. Before commencing work look through the reagent 
bottles belonging to the working bench (524); replace 
any which are absent, and arrange the bottles, if neces- 
‘sary, in the order indicated on an accessible list, or 
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shown by the number on the labels of the bottles, or by 
the labels on the edge of the shelf. Then proceed to fill 
any which are empty and to re-label any whose labels 
are imperfect or loose. If any of the liquid reagents 
are not quite clear when shaken they must be filtered — 
before use. 

2. Arrange the apparatus required for use, on the 
hinder part of the bench, so as to leave the front free 
to work upon; this will lessen the risk of upsetting 
anything. 

3. Before commencing work, all glass and porcelain 
which is not in use should be carefully cleansed, if not 
already clean ; but it is best never to put apparatus away 
dirty. 

a In using a reagent bottle take it in the right hand, 
remove the stopper by taking hold of it between any 
two of the fingers, or between the fourth finger and 
palm, of the left hand; hold the stopper in this way 
and replace it immediately after the bottle has been 
used. Pour the liquid out at the side opposite to that 
bearing the label, and prevent the last drop from run- 
ning down the outside by touching the lip of the bottle 
either with the stopper or against the clean edge of the 
vessel. Solid reagents should be taken out of the bottle 
on a clean knife-blade or spatula, or with a spoon of 
wood or horn; or a small quantity should be turned out 
upon a piece of paper or upon the palm of the hand. 
The bottle must be re-stoppered and replaced on the shelf. 
in its proper place with the label outwards immediately 
after use, and must never be left standing on the working 
bench. 

5. If any solution or precipitate has to be put by for 
some time, always label it with a piece of gummed paper 
bearing an inscription or a reference number which is 
explained in the note-book and is sufficient to recall to 
mind what the solution or precipitate consists of ; never 
trust to memory in this matter. 

6. Brass crucible tongs must never be employed for 
holding hot evaporating-basins containing acids, as some 
of the brass is apt to be dissolved and thus introduced 
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into the solution. A hot dish may be moved either by 
holding it with a cloth or by lifting the stand upon which 
the dish is placed. 

7. Liquids only are to be poured down the sinks ; all 
solid refuse, such as soiled filters, broken glass, pieces of 
charcoal, etc., which would tend to stop the holes in the 
sink, must be thrown into a box placed in any accessible 
position in the laboratory, or into a small earthenware 
jar or vessel placed upon each working-bench. 

8. When a student is examining a substance to detect 
its composition, he must fully write down in his note- 
book each test or process, with the result obtained, as 

_ soon as it is completed. The analysis is thus written out 
_ gradually as it progresses; on no account must the entry 
of the results be left until the completion of the analysis. 
_ This rule cannot be too strongly enforced, as neglect of it 
is always attended with loss to the beginner. ‘The most 
convenient form of entry is that of the analytical tables. 

** Cleanliness and neatness in analytical work can- 
not be too carefully attended to; more confusion and 
error may be caused by using dirty test-tubes, beakers, 
dishes, and funnels than would be thought possible by 
the beginner. 


REACTIONS FOR THE METALS. 


Note.—In trying through the reactions for the metals, the usual 
analytical order of the groups has been reversed, because the most 
_ simple reactions occur in the last groups, and they are therefore bet- 
_ ter suited for a beginner. 


— GROUP V.—POTASSIUM GROUP. 

_ 46. This group includes K, NH,,'Na, Mg. The first 
three metals (K, NH,, Na) are known as the “alkali 

- metals.” 

The members of this group are not precipitated by 

_ any of the five group reagents. 


1 A hypothetical metal-radicle, ‘“ Ammonium.” 
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Potassium (K).—Use KCl. 

= if necessary to paragraphs 88 and 44 for directions how to 
work. 

47. PtCl,added after a drop of dilute HCl to some of 
the KCl solution on a watch-glass and stirred with a 
glass rod, gives a yellow crystalline precipitate (IK,PtCl,), 
forming first along the lines where the rod has rubbed 
the glass. 

Stir up the precipitate and pour off the liquid with the 
precipitate into three test-tubes; to one add much dis- 
tilled water and heat, the precipitate dissolves ; to another 
partadd alcohol, the precipitate does not dissolve. Hence 
this precipitate is soluble in water, insoluble in alcohol. 
By warming the third portion with solution of KHO, 
the precipitate is also shown to be soluble in that liquid. 

Remarks.—The following remarks are of great im- 
portance in using the above test for K. Since this pre- 
cipitate is soluble in alkalies the liquid should always be 
neutral or only faintly acid before adding PtCl,; and 
since it is more insoluble in alcohol than in water, addi- 
tion of aleohol causes the precipitate to form more rapidly 
in dilute solutions; owing to the solubility of the pre- 
cipitate in water, very dilute solutions must however be 
evaporated nearly to dryness before applying the test. 
It is always well to add several drops of HCl before the 
PtCl,, and to make sure by test-paper that the liquid is 
acid in reaction. ‘These remarks apply also to the pre- 
cipitate produced by PtCl, with ammonium salts (52). 

48. IT (or better NaHT) mixed with some of the 
solution in a test-tube gives a white crystalline precipitate 
(KHT); usually this precipitate appears only when the 
mouth of the test-tube is closed with the thumb, and the 
tube is well shaken for some time. 


KCl+ NaHT = KHT+ NaCl. 
KCI1+H,T —KHT+ HCl. 


Shake up and pour some of the liquid and precipitate 
into four test-tubes ; add to these portions, water,’ KHO, 


1 By “ water” is always meant “distilled water,” unless otherwise 
stated. 
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and HCl respectively ; on being shaken and warmed the 
precipitate will dissolve in each of these liquids. Hence 
this precipitate is soluble in H,O, KHO, and HCl. To 
the fourth portion add alcohol; the precipitate does not 
dissolve, since it is insoluble in alcohol. 

Remarks.—In using the above test for the detection of 
K, the precipitate is not obtained at once in dilute solu- 
tions, but its formation is much hastened by the addition 
of alcohol; very dilute solutions must first be concentrated 
by evaporation. The solution to be tested should be 
neutral or only feebly alkaline; if acid in reaction, the 
acid should be neutralized by Na,CO, or boiled off if 
volatile; feebly acid solutions may, however, be at once 


mixed with NaHT; to an alkaline solution H,T should 
be added till the reaction is strongly acid. 

Note.—In the following reactions when a precipitate is stated to be 
soluble or insoluble in certain liquids, it must be proved to be so in 
the manner described in (47, 48), unless different directions are given. 

49. Flame Coloration (32).—Hold a loop of platinum 
wire in the flame and see that it gives no color to the 
fla:ne ; then dip it into some KCl solution, or, better still, 
moisten it and dip it into some powdered KCl, and again 
hold the loop in the upper part of the flame. A pale- 
violet color will be imparted to the flame if the KCl is 
pure ;’ but whatever color is thus seen, the flame-color 
will always appear pale blue or violet through the thinner 
portions of an indigo-prism, and deep crimson-red through 
the thickest parts. 

The light of a Bunsen flame itself usually appears pale 
blue through the indigo-prism ; this color should be noted 
before using the prism for examining a flame coloration. 

The flame coloration due to potassium shows in the spec- 
troscope a red line (a) and an indigo-blue line () (557). 
_ Note—aA piece of blue cobalt glass may be used instead of the 
indigo-prism, but is by no means to be recommended, as the color of 
different specimens is somewhat variable in shade and in intensity, 
whereas the color of the indigo can be obtained of an invariable tint, 
by dissolving indigo-carmine in water. 

_ 50. Heat a little solid KCl in a small dry test-tube, 
or better on a piece of platinum foil ; the KCl will melt 


| " KNO; usually gives a purer potassium coloration. 


4 


| 
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but will not pass into vapor and produce white fumes 
unless heated very strongly, since K-salts are non-vola- 
tile at a moderate heat. The fused residue is often trans- 
parent and invisible if in small quantity ; its presence is 
shown by a slight crackling being heard during cooling. 


Ammonium (NH,, or Am).—Use NH,Cl (AmCI). 


Note.—The symbol Am is often written for NH,; it is very con- 
venient, as it does away with the necessity of using brackets; e. g., 
Am,S = (NH,),S. 

51. KHO' (or NaHO) poured into some of the solu- 
tion, or upon the solid, in a test-tube and heated gives 
off NH, gas: . 

NH,Cl + KHO = NH, + KCl + H,0. 


This gas is known by the following properties : 
a. Its pungent smell—that of common smelling salts. 
6. By turning moistened red litmus-paper blue. A 
small piece of red litmus-paper is wetted with distilled 
water and placed upon a clean glass rod, and is then held 
in the test-tube, taking great care not to touch with it the 
liquid or the sides of the tube; the paper becomes blue. 


ce, A glass rod dipped into strong HCl or strong HA, 
and held over the mouth of the test-tube, produces dense 
white fumes. 

52. PtCl,, when stirred on a watch-glass with some 
AmCl solution, gives a yellow crystalline precipitate 
(Am,PtCl,); this precipitate is soluble in water and in 
K HO, but insoluble in alcohol. The remarks at the end 
of par. 47 apply here also, This precipitate, if boiled 
with KHO, evolves NH, (difference from K,PtCl,). 

53. H,7' (or better NaHT'), shaken for some time ina 
test-tube with AmCI solution, gives a white crystalline 
precipitate (AmH'T), soluble in H,O, KHO, and HCl, 
insoluble in alcohol. The remarks in par. 48 apply 
here also. 


and either KHO or NaHO may be used unless it is specially stated 
that “pure NaHO” is to be employed. 


ed 
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Note.—This precipitate is more soluble than the KHT precip- 
itate, and therefore does not form so readily. Indeed with H,T a 
precipitate rarely forms unless alcohol is added, in which the pre- 
 cipitate is less soluble than in water. With NaHT a precipitate is 
obtained on shaking the liquid well for some time unless it is ver 
dilut s q y 
| liute, 


54. Flame Coloration.—AmCl, if pure, gives on pla- 

tinum wire no color to the flame. 

55. Heat a little solid AmCl in a small dry test-tube, 
or on a piece of platinum foil; it will be converted into 
vapor producing white fumes, which are seen if platinum 

foil is used by removing the foil for a moment from the 
flame ; hence AmCl is volatile. 

If the experiment is performed in a dry test-tube, a 
white coating or “sublimate” forms on the upper part of 

the tube. 


Sopium (Na).—Use NaCl. 

56. Flame Coloration—NaCl gives an intense yellow 
color to the flame ; the color is almost invisible or appears 
pale blue when viewed through the indigo-prism, and 
never shows the slightest tinge of red or purple, even when 
seen through the thickest parts of the prism. A crystal 
of red K,Cr,O, appears colorless if illuminated by this 
yellow flame. Examined by a small spectroscope, the 
sodium coloration gives a single yellow line (a) (557). 
The yellow color of the sodium flame is always readily 
_ seen, since it overpowers that of K; its production is the 
most reliable, and often the only possible, test for sodium. 

Note.—If both K and Na are present, the K colora- 
tion is unseen and the yellow coloration of Na is alone 
visible; but on examining this flame through the indigo- 
_ prism or cobalt glass, the crimson coloration of the K is 
_ at once seen; prove this by mixing together KCl and 
_ NaCl and trying the flame coloration without and with 
the indigo-prism. The spectroscope also shows the lines 
of Na and K quite distinct from one another. 

57. Some solid NaCl heated in a dry test-tube, or better 
on platinum foil, melts without producing white fumes 
unless heated very strongly, since NaCl is not volatile at 
~ a moderate heat. 
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Macnesium (Mg.)—Use MgSO,.7H,0 solution. 

58. Na, HPO, added after AmCl and AmHO gives a 
white crystalline precipitate (MgAmPO,); if much water 
is present this precipitate forms only when the liquid is 
warmed and well stirred or shaken; it is soluble in acids 


(use HCl or HNO,), insoluble in AmHO. 


MgSO, + AmCl] + AmHO + Na,HPO, = MgAmPO, 
+ Na,SO,+ AmCl + H,O. 


59. KHO gives a white precipitate (MgHo,),’ soluble 
in acids. 

60. AmIZO gives a white precipitate (MgHo,); but if 
Am(Cl is added to the MgSO, solution before the AmHO, 
no precipitate is produced. 

61. Am,CO, gives a white precipitate (MgCO,), but 
only in strong solutions and on standing for some time ; 
AmC] prevents the formation of this precipitate. 

62. Flame Coloration—MgSO,.7H,0, if pure, gives no 
color to the flame. 

63. Blowpipe Test.—A little solid MgSO,.7H,0 placed 
in a small cavity on a piece of wood-charcoal and then 
heated in the tip of the outer blowpipe flame, shines 
brightly and gives a white unmelted mass of MgO; no 
white fumes are given off since MgO is not volatile. If 
this white mass after cooling is moistened with several 
_ drops of cobalt-nitrate solution and again strongly heated - 
for some time’ in the outer blowpipe flame, it becomes 
delicate pink in color; this color is best seen when the 
mass is quite cold, by comparison with a white piece of 
paper held near the residue on the charcoal. 


1 NaAmHPO, is better than Na,HPO,, since it produces the 
precipitate more readily than does NagHPO, in dilute solutions, and 
always in a crystalline condition. 

2 This convenient symbol (Ho) for the group hydroxyl, first pro- 
posed by Frankland, will be employed throughout in the formule 
for all hydrates containing more than one atom of hydroxyl; it pre- 
vents the necessity of using brackets, as a number placed below the 
symbol multiplies both H ‘and O, thus Ho, equals (HO), or H20, ; 
and Ho; equals (HO); or H03. 

* It is necessary to heat strongly after moistening with Co(NOs)., 
else blue Co(NOg), remains. 


Tests. 


a. For solutions. 


Boil with KHO 
solution : 


Heat in flame 
nm clean plati- 


Heat to red- 
ness in a dry 
test-tube, or on 
platinum foil: 


. Heat strongly 
on charcoal in 
the outer blow- 
pipe flame: 


e first four need 


tests 1 and 2. 


. i 
} 


nd 7 are used only for t 
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Note—A blank (thus ——) signifies that no marked characteristic change 
urs. For the method of using the table see par. 65. 


K—salts. NH,—salts. Na—salts. Mg-—salts. 
— NHs gas given — White precipitate. 
off: known by 
its smell and by 
turning moist 
red litmus blue; 
it also gives 
dense white 
fumes with 
strong HCl. 
Pale violet flame, \Intense yellow — 
which appears flame, which 
crimson through shows notinge 
the indigo- of red through 
prism. the —_ indigo- 
prism. 
—_—_— __ White erystalline 
precipitate. 
Yellow  crystal--Yellow — erystal- —_ ——— 


line precipitate, 
forms only in 
strong solu- 
tions. 


line precipitate, 
forms only in 
strong solu- 
tions. 


White erystalline| White crystalline 


precipitate in| precipitate in’. 

strong solu-| strong solu- 

tions. tions. 
Non-volatile, un-|Volatile; white 


less heated to 


fumes are given 
bright redness. 


off and the sub- 
stance passes) 
into vapor (at| 
least partially) 
forming a sub- 
limate on the 
upper part of! 
the tube. 


Melt easily andjAre volatile, giv- 
sink into the} ing off white 
charcoal, _col-} fumes. 
oring the flame 
a violet. (See 
+) 


Non-volatile un- 
less heated to 
bright —_red- 
ness. 


Melt easily and 
sink into the 
charcoal, col- 
oring the 
flame intense 
yellow. (See 
2.) 


Non-volatile. 


Leave ultimately 
a white infusible 
residue which 
shines brightly, 
and which if 
moistened with 
Co(NOg)o _ solu- 
tion and re- 
heated becomes 
pink. 


J 


be em 


h 


In using these tests for the detection of a single member of the group-in solution, only 
loyed ; the fifth test may be substituted for the fourth. 
e examination of solids. They may be supplemented, however, 


Tests 6 


— 
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65. The method of using the foregoing table may be 
explained in a few words, Suppose a solution to be given 
which is known to contain one member of this group, 
the first five tests in the table (four and five being alter- 
native) will enable us to decide which member is present. 
It is simply necessary to examine separate portions of the 
solution by these tests until a result is obtained which 
conclusively proves the presence of one of the four sub- 
stances. ‘Tests 1, 2, 6, and 7 are similarly employed for 
examination of a solid substance. The student should 
never rest content with one test only when a second can 
be tried in confirmation, and he should always consider 
the tables of differences as mere summayies, and should 
refer back to the separate reactions for fuller accounts of 
the tests when required. 

The results of these analyses, and of all analyses sub- 
sequently made by using the tables of differences, are 
best entered in three parallel columns, as shown in the ~ 
upper part of the table in par.67. The statement of the 
experiment or test performed is entered in the first col- 
umn, the result observed being placed beside it in the 
second column, whilst beside this in the third column is 
stated the conclusion inferred from the result obtained. 

At the end of each analysis state the result thus: 
“ Wound K.” 


66. (s)! Detection of Members Mixed—We can also 
devise from the above table a plan for detecting the mem- 
bers of this group when mixed together. It is evident— 

1. That NH, can always be detected by boiling with 
KHO solution. 

2. That Na can always be detected by its yellow-flame 
coloration. 

3. That Mg can always be detected by giving a white 
precipitate on addition of AmCl, AmHO, and Na,HPO, 


to its solution. 


1 Paragraphs marked with an (s) are intended for a student using 
the senior course, and are passed over in the junior course. 
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4, That K may always be detected by giving a flame 


coloration which appears crimson through the indigo- 


prism. 


5. That the confirmatory test for K by stirring with 


PtCl,, may be tried if no NH, is present; but it cannot 
_ be employed when NH, has been found, since NH, gives 
a yellow precipitate exactly like that given by K. Hence 
_ NH, is first removed by evaporating some of the solution 
_ to dryness, and strongly heating the solid substance thus 


obtained on platinum foil as long as white fumes come 

off; the residue (if any) on the foil will then be free from 

NH,, and can be dissolved and tested for K by PtCl,. 
The above remark concerning the PtCl, test applies ~ 


also to the H,T test for K, since NH, gives a precipitate 
with H,T precisely similar to that yielded by K. 


The following scheme, which embodies the above tests, 
must be used to test for Mg, K, Na, and NH,, when they 
may be present together. 

The student should examine several substances by this 
table for the four members of Group V, writing down 
the results he obtains fully in the form adopted in the 
table; that is to say, three columns are ruled ; in the first 
is described the test performed, in the second the result 
observed, in the third what substance is inferred from 
that result to be present or absent. After writing out 
the tests the metals which have been found in the solu- 
tion are stated thus: ‘‘ Found K and Na.” 

*,_* Experiment IV in the following table may be 
omitted by a beginner, K being tested for by the flame 


coloration alone (Exp. II). 
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67. (s) TABLE For TestinG ror Mg, K, Na, NH,, 
IN A SOLUTION WHICH MAY CONTAIN ONE OR ALL 


OF THEM. 
(See note at the top of page 101.) 


Experiment. Observation. Inference. 


I. Add to a small part of/1. A | white precipitate|Presence of Mg. 
the solution AmC]l,then| forms. 
AmHO and NaeHPO,, 
shake well and allow to|[2. No precipitate appears. ]|[ Absence of Mg.] 
stand if no precipitate 
appears at once, 


II. Dip a small loop of/1. A yellow flame. Presence of Na, possibly 
clean platinum wire! Lookatthe yellow flame} also of K. 
into the solution, and) through the  indigo- 
hold it near the topof| prism; a crimson-red 
the Bunsen flame, color is seen. Presence of K. 


2. A pale-violet flame, ap-|Presence of K andabsence 
pearing crimson redj of Na. 
avhen seen througb the 
indigo-prism. 


[8. No color is imparted|[Absence of K and Na.] 
to the flame. ] 


III. Boil some of the solu-|1. NH, gas is smelt, or the} Presence of NH,. 
tion in a test-tube with] red litmus becomes blue, 
KHO solution, and try| and white fumes are ob- 
whether NHg is given| tained with HCl. 
off by smelling; or if it 
cannot besmelt, by test-|[2. No NH, is smelt, and|/[Absence of NH,.] 
ing with moistened red| moist red litmus-paper 
litmus-paper or strong} is not blued, neither are 
HCL. white fumes obtained 
with HCl.] 


IV. A confirmatory test for K may be made by adding PtCl, or NaHT. I 
Exp. III has shown that NH, is present, proceed to test for K by column A; 
if NH, is absent, test for K by column B (66, 5), 
A. B. 

Boil some more of the solution down| Pour a little of the solution upon a 
to dryness in a porcelain dish; scrape|watch-glass, add PtCl,, and stir well: a 
out the white substance left in the dish.|yellow precipitate: Presence of K. 
and heat it strongly on a piece of plati-|_ If no precipitate forms, K may never- 
num foil as long as any white fumes are|! heless be present, the solution being too 
seen to be given off when the foil is|dilute to allow the precipitate to form ; 
taken out of the flame for an instant.|therefore pour some of the solution into} 
Place the foil when cold in a test-tube,}a porcelain dish, boil down nearly to 
and boil it with very little water, to|dryness, cool and test this li aid. by 
which a drop of dilute HCl has been|stirring it with PtCl,? on a watch-glass, 
added, and evaporate to several drops ;|adding alcohol if the precipitate does not 
cool the liquid, and pour it out upon ajappear at once: a yellow precipitate : 
watch-glass, add a little PtCl,,? and stir! Presence of K. 
well: Note.—Addition of alcohol will fre- 

A yellow precipitate : Presence of K. \quently produce the precipitate without 

evaporation. 


+ Almost all substances contain traces of Na, and therefore when heated in the 
Bunsen flame tinge it more or less yellow ; hence, unless the yellow coloration is 
very intense, enter in the results “ No trace.” 

2 In this and all subsequent places where PtCl, is directed to be used as a test 


for K, the NaHT test may be substituted for economical reasons. 


ee ee 
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Note.—Separate portions of the solution are to be used for each of 
these experiments. It must be understood that only one of the num- 
bered results in the second column can be obtained in each experiment, 
but one or other of these must invariably be observed. In subsequent 
tables that result only is stated in the second column which indicates 
the presence of the substance, and the absence of that result proves 
the absence of the substance ; the portions in brackets will therefore ¢ 
be omitted in future. 


’ GROUP IV——BARIUM GROUP. 


68. This group includes Ba, Sr, Ca. 

The members of this group differ from those of Group 
V by being precipitated as carbonates by Am,CO,, even 
in the presence of AmC].'_ They are not precipitated by 
any other of the group reagents. 


Barium (Ba).—Use BaCl,.2H,O/ 

69. Am,CO, added after some AmCI: white precipi- 
tate (BaCO,) which is at first flocculent, but if heated and 
allowed to stand slowly shrinks in bulk and becomes crys- 
talline. 

- Pour a little of this into another test-tube and add to 
it some HA, the precipitate dissolves entirely if sufficient 
HA is added. 

70. CaSO, or H,SO,:heavy white precipitate (BaSQ,), 
insoluble in HCl even on boiling. 

71. K,Or0O, added after some HA: yellow precipitate 


(BaCrO,), soluble in warm HCl, insoluble in warm HA. 
(Diff. from Sr.) 


872. H,Sif,: semi-transparent precipitate (BaSiF,) : The precipi- 
tate often does not appear in dilute solution until after some time, or 
until the liquid is boiled, or alcohol is added. Shaking or stirring 
the liquid hastens its formation. 

73. Am,C,0,: white precipitate (BaC,Q,). 


1 On boiling with AmCl solution, however, the precipitates are 
more or less perfectly dissolved. 

2 These two molecules of water are termed “ water of crystalliza- 
tion,” and are always present in crystallized barium chloride. 

3 A reaction in small type is comparatively unimportant, and may 
be read through and omitted by beginners. 
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74, Flame Coloration: BaCl, gives a yellowish-green 
color to the flame, visible through the indigo-prism. 

The spectrum consists of a number of lines, the most 
characteristic of which are three green lines, 4, #, 7 (557). 


Srrontium (Sr). Use Sr (NO,),.4H,O. 

75. Am,CO, added after some AmCI: white precipi- 
tate (SrCO,), soluble in HA. This precipitate is floccu- 
lent at first, but if heated it quickly becomes crystalline 
and shrinks very considerably. 

75a. OaSO, or H,SO,: white precipitate (SrSQ,), this 
precipitate does not usually form at once in a cold solu- 
tion, but only after standing for some time. The precipi- 
tate, however, appears at once on boiling the liquid. 

76. K;CrO, added after some HA: no precipitate, 
since SrCrO, is soluble in HA. 

77. H,SiF,: no precipitate. 

78. Am,C,0,: white precipitate (SrCr,O,). 

79. Flame Coloration: crimson red ; this color appears 
intense red through the indigo-prism unless the flame 
coloration is very faint. 

The strontium spectrum contains many lines ; the most 
characteristic are the orange line (a), the red lines (4, 7), 
and the blue line (¢) (557). . 


Catcrum (Ca).—Use CaCl,.6H,O. 

80. Am,CO, added after AmCl: white precipitate 
(CaCO,) soluble in HA. This precipitate is flocculent 
at first, but on standing for some time or on being gently 
heated it shrinks considerably and becomes crystalline. 

81. CaSO,: no precipitate, even on standing or on 
being boiled. 

82. H,SO,: white precipitate (CaSO,) forms at once 
in strong solutions, and often in weak solutions on being 
boiled ; but since CaSO, is not quite insoluble in water, 
some of it will always remain dissolved; prove this by — 
boiling the liquid containing the precipitate and filtering — 


ee ee. eS ee ee a ee ee ee oe ee eee ae 
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it, then keep adding AmHO to the filtrate and stirring 
it until a drop of the solution turns red litmus blue 
and the liquid smells of NH,, then add Am,C,O,, a 
white precipitate will form, showing the presence of Ca 
(85), which must have been dissolved as CaSO,. 

83. K,CrO,: no precipitate. 

84. —H,SiF,: no precipitate. 

85. Am,C,0,: white precipitate (CaC,O,), soluble in 
most acids except HA and H,C,O,. 

86. Flame Coloration: yellowish red ; this color viewed 
through the indigo-prism does not appear red but dingy 
green, thus differing from that given by Sr. 

Tn the calcium spectrum the most characteristic lines 


are the green line (), and the intense orange line (2) 
(557). ? 


87. Group IV.—TABLE oF DIFFERENCES. 


The first three tests only need be used for the detection of a member 
of this group occurring by itself in solution; test 1 serves also for 
_ solids. 


Tests. Ba—salts. — Sr—salts. Ca—salts. 


1. Flame coloration: |Greenish-yel- |Intense crimson ap- Yellowish red, ap- 
low. pears red through) pears dingy green 

the indigo-prism. | through the in- 

digo-prism. 


2. CaSO, added to the ||Animmediate A precipitate ap- 

cold solution : || precipitate.| pearing only after, 
a short time or 
immediately on 


3 boiling. 
3. K,Cr0O, added after || Light yellow, —o 
HA: || precipitate. 
(4. H.SiF, added: White precip- paler } 
tate. 
5. H.SO, added inex- || Entirely pre-| Entirely precipitated Partially _ precipi- 
cess and boiled: | cipitated as) as SrsO, tated as CaSO; 
On hence the filtrate 


from the precipi- 
tate contains Ca, 
which may be de- 
tected by adding 
AmHO in excess, 
and then Amo! ‘204; 
a white precipitate 
forms. 
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When analyzing a solution which is known to contain 
only one member of this group, its detection by the first 
pe of the above tests will be exceedingly simple. 

8. (s) The separation and detection of Ba, Sr, and 
of when mixed, depends upon the following differences : 

1. The flame colorations, examined if necessary through 
the indigo-prism, or by means of the spectroscope. 

2. The- difference in behavior with CaSO,, which at 
once indicates the presence or absence of Ba. 


3. The separation of Ba, if present, by K ,CrO, in the 


presence of HA. 

4, The precipitation of Sr by CaSO, on being boiled, 
which will indicate the presence of Sr in the absence, or 
after the separation, of Ba. 

5. The precipitation of Sr, if present, by boiling with 
H,SO,; sufficient CaSO, then remaining in the solution 
to give, after making the filtrate alkaline with AmHO, 
a precipitate with Am,C,O,. 

89. (s) A solution which has to be examined for Ba, 
Sr, and Ca, and can contain only these substances, is 
made alkaline, if not already so, by addition of AmHO ; 
then Am,CO, is added as long as it is seen to cause any 
precipitate after the liquid has been stirred well and 
allowed to settle. The liquid is then filtered, and a little 
more Am,CO, added to the clear filtrate; if any further 
precipitate forms, more Am,CO, is added and the liquid 
is again poured through the same filter, pouring the first 


portion of the filtrate once more through the filter as it. 


is sure to come through turbid. As soon as the filtrate 
gives no further precipitate with Am,CO,, all the mem- 
bers of this group which were present in the solution 
have been precipitated as carbonates, and on filtration are 
obtained on the filter. The precipitate is then examined 
-by Table IV (438). 


Note.—In using the group tables in Section VI, it must be under- 
stood that they are drawn out to meet the case of all the members of 
the group being present. If, therefore, in any case no precipitate 
forms on addition of a reagent, the substance or substances whose 
presence would have been indicated by the formation of the precipi- 
tate must be absent. Hence a filtration which is directed to be made 
is often unnecessary, and the solution itself is treated as is directed 
for the filtrate. 


, 
) 
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GROUP III a.—IRON GROUP. 


90. This group includes Al, Fe, Cr. 

The members of this group differ from those of groups 
III zs, IV, and V by being precipitated by AmHO 
after addition of AmCl; they are not precipitated, how- 
ever, by the group reagents for Groups II and I. 

This group is also precipitated by Am,S, or by H,S 
added to the alkaline solution. 

Group I[I a further differs from Group ITI B in being 
completely precipitated by adding BaCO, shaken up with 
water ; this reagent affords the most perfect means of sepa- 
rating the two groups. 

The members of this group show no characteristic 
flame colorations; but with the exception of Al, they 
give borax beads of characteristic color. 


Atumintum(Al).—Use AlAm(SO,),.12H,0 ammonia- 
alum, or AlK(SO,),.12H,O potash-alum. 

91. AmHO: white flocculent precipitate (Al,Ho,), 
which is seen best on boiling the liquid; soluble in HCl 
and in HA; slightly soluble in AmHO, especially in the 
absence of AmCI: 


2A1Am(SO,)2 + 6AmHO = Al,Ho, + 4Am,SO,. 


92. KHO added in very small quantity: same pre- 
cipitate as AmHO; soluble in excess of KHO. If toa 
part of the K HO solution HCl be added gradually until 
it is neutral, the Al,Ho, is reprecipitated ; if more acid 
is added the precipitate dissolves, but is reprecipitated by 
adding AmHO in excess. From another portion of the 


_ KHO solution the Al,Ho, may be reprecipitated by ad- . 


dition of sufficient AmCl. 

93. Am,S: same precipitate (Al,Ho,), H,S gas coming 
off or remaining dissolved in the liquid: 

2Al1Am(SO,), + 3Am,S + 6H,O = Al,Ho, + 
4Am,SO, +- 3H,S. 

94. Blowpipe Reaction.—Some solid AlAm(SQ,),. 

12H,0 heated on charcoal in the outer blowpipe flame, 
9 
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then moistened, after cooling, with Co(NO,), solution, 
and again heated in the outer flame, gives a fine blue 
mass. 


‘ 


95. Iron (Fe).—Two classes of iron. compounds are 
known, which differ in appearance and properties and 
behave differently with reagents ; they are distinguished 
as ferrous and ferric compounds respectively, the former 
being supposed to contain the metal ferrosum (Fe’’),* the 
latter ferricum (Fe’’’). It is usual in stating analytical 
results to mention in which state of combination the iron 
exists, and therefore some distinctive tests are described 
below (101). The whole of the reactions of ferrous com- 
pounds are not given, because Fe, if present, is always 
separated and detected in the course of analysis as fer- 
ricum, and ferrosum is tested for by special reactions in 
the original substance. ferrous are readily converted 
into ferric compounds by boiling for a short time with a lit- 
tle strong HNO,, or with HCl and a erystal of KCIO,. 

Frrricum (Fe’’’)—Use Fe,Cl,. 

Ferric salts are usually yellow or reddish-yellow; ferrous salts 
usually pale green, or white if perfectly dry. 


96. AmHO or KHO: reddish-brown flocculent pre- 
cipitate (Fe,Ho,) ; insoluble in KHO, soluble in HCl. 

97. Am,S: a black precipitate (FeS), mixed with 
white S: soluble in boiling acids, insoluble in KHO: 


FeCl, + 3Am,S = 2FeS + § + GAmCI. 


In a very dilute solution of Fe a green color is pro- 
duced at first by Am,S, and the black precipitate sepa- 
rates only after a time. 

98. H,S: same black precipitate in alkaline solutions: 
in neutral or acid solutions § is precipitated and the ferric 
is changed to a ferrous salt, the color of the solution 


* This distinction of the two conditions of Fe and other elements 
by dashes or roman numbers placed above the symbol, first proposed 
by Odling, is very convenient for brevity. 

2 HS may be added asa solution of the gas in trying the reactions ; 
in the course of analysis the gas is usually passed into the liquid. 
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changing from yellow to pale green, as is seen after boil- 


ing and filtering : 
Fe,C}, + H,S = 2FeCl, + 2HCl + S. 


99. Blowpipe Reactions.—These are the same for fer- 
rous as for ferric compounds. Fused with Na,CO, on 
charcoal in the inner flame a gray magnetic powder is 
left (83 a); this is shown to be magnetic by being at- 
tracted when touched under water by the end of a mag- 
net, or of a magnetized knife-blade. 


( Outer flame: reddish-brown while 
hot; yellow when 
cold. 

100. Borax bead: Inner “ greenish bead, the 
color of green bot- 
tle-glass. 


101. Distinctive Tests ror FERRouS AND FER- 
RIC SALTS. 


For these tests several drops of dilute HCl should be first added 
to the Fe solution. 
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Reagents to be 
added. 


Ferric salts. 
(Use FeeC), solution.) 


Ferrous salts. 
(Use FeSO, solution.) 


1. A, FeCy, added in|| Dark-blue precipitate, “« Prussian 


small quantity: 


2. Kg FeCys)s : 


3. KCyS: 


4, KHO: 


blue;” insoluble in HCl,' solu- 
ble in H,C,0,, and slightly sol- 
uble in K,FeCy, added in ex- 
cess; turned brown by KHO. 


No precipitate: the solution 
darkens, but on dilution with 
water is seen to contain no 
precipitate. 


|| Blood-red coloration : no precipi- 
tate is produced, the liquid be- 
ing perfectly clear on dilution; 
the color is immediately de- 
stroyed when several drops are 
poured into some HgCly solu- 
tion; its production is hin- 
dered by HNOgand by HA. 


Reddish-brown precipitate, 


Light-blue precipitate, be- 
coming dark blue in the 
air, or on addition of 
HNO or Br-water. 


Dark- blue recipitate 
“Turnbull’s blue :? in- 


solublein HCl. In very; 


dilute solution only a 
dark bluish-gray color 
is_ produced. 

No red coloration unless 
small quantities of fer- 
ric salts are present, 


Dingy-green precipitate. 
turning brown in thi 
air. 


' The solubility and insolubility of this precipitate must be shown 
by warming separate portions of the blue liquid containing the pre- 
cipitate with HCl, H2C204, and KyFeCys, then separately filtering 
each; if the precipitate has been dissolved the filtrate will be dark 
blue. 
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Curomium (Cr.)—Use CrK(SO,),.12H,0O, chrome- 


alum. 


Chromic salts are usually green or violet in color. 


102. AmHO: pale bluish-green precipitate (Cr,Ho,) : 
if AmHO is added in large quantity and the liquid is 
heated some of the precipitate is dissolved, producing a 
beautiful violet-red solution whose color is best seen after 
filtering ; but from this solution the Cr,Ho, is reprecip- 
itated on boiling the liquid for several minutes in a por- 
celain dish. 

103. K/ZO added in small quantity gives the same 
precipitate (Cr,Ho,); if more cold KHO is added the 
precipitate is entirely dissolved to a green fluid; on di- 
luting this liquid with water and boiling for several 
minutes the Cr,Ho, is reprecipitated and the liquid be- 
comes colorless. AmCl added to the KHO solution also 
reprecipitates the Cr,Ho,. 

103 a. If to some of the green liquid, obtained by 
adding K HO in excess to the chromium solution, a little 
red-lead or lead-peroxide (PbO,) is added and the liquid 


is then boiled, a yellow liquid is obtained from which a 


yellow precipitate (PbCrO,) is thrown down by addition — 


of HA in excess. 

104. Am,S precipitates Cr,Ho,, H,S gas being given 
off or remaining dissolved. ‘The reaction is similar to 
that with AlAm(SQ,), par. 93. 

105. Blowpipe Reaction —If Na,CO, and KNO, be 
mixed with any solid substance containing Cr, and the 
mixture be fused on a piece of platinum foil or in a por- 
celain crucible or lid, or in a loop of platinum wire as 
was directed for the borax bead (31), a yellow mass is 
formed colored by Na,CrO,. If this yellow mass is dis- 
solved by boiling it with water, a yellow solution is ob- 
tained ; this solution, if made acid with HA and boiled 
for a few minutes to drive off CO,, gives with PbA, solu- 


PS. 
tion a yellow precipitate of PbCrO,. 


106, Cr forms two classes of compounds; in one class Cr in com- 
bination with oxygen functions as an acid-radicle; this class includes 
the chromates, such as K2CrOy and K2CreOr, they are usually yellow 
or reddish in color; but Cr also forms a series of salts in which it 


nt be 
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acts as a metallic-radicle ; these are usually green or violet, and give 
the above reactions for Cr. The latter compounds pass by oxidation 
into the former, as in reactions (103) and (105), where the oxidation 
is caused by PbO: and KNO, respectively. Chromates pass by re- 
‘duction into the green compounds; examples of this change will be 
found under the tests for chromic acid (286). This reduction of 
chromic acid causes it to be detected in the course of analysis as a 
base, and a special experiment has to be performed to ascertain 


whether the Cr was present originally as a metallic or as an acid 


radicle. 


107. Group III a.—Tasie or DIFFERENCES. 


Tests Al—salts. Fe’”’—salts. Fe’—salts. Cr—salts. 

a. For liquids 

1. Add AmHO: | White flocculent| Reddish - brown Dingy - green pre-| Pale-green floccu- 
precipitate. flocculent pre-| cipitate, rapidly| lent precipitate, 

cipitate. | turning brown) color’ unaltered 
when left ex-| by exposure to 
posed to the air. | air. 

2. Add KHO: || White flocculent| Reddish - brown The same precipi-| Pale-green precipi- 
precipitate, casily| flocculent pre- tate as with) tate, soluble in 
soluble in excess of | cipitate, insolu-| AmHO, insoluble| excess of cold 
KHO. bie. in excess of | in excess of KHO.| KHO, but repre- 

KHO. cipitated on dilut- 
ing and _ boiling 

: Sor some time. 

3. Add KCyS. —- Deep blood - red|No coloration un- —. 

and a_ few coloration, de-, less Fe” is also 
drops of HCl: stroyed by! present. 
uring into} 
gCl, solution. 
b. Blow-pipe 
tests for solids. 
4. Fuse with a On cooling a\Sameas Fe”, On cooling a yel- 
Na.COg and white mass of low mass_ re- 
KNOg on pla- Na,CO3 re- mains, easily sol- 
tinum foil: mains, with uble in water; 
dark - brown the solution, af- 
articles of ter having been 
gO. boiled with ex- 
cess of HA, gives 


a yellow pre- 
cipitate with 
f / PbAg. 
5. Heated on|\In the outer flame|In inner flame|Same as Fe”. — 
charcoal : when cool if; mixed — with 
moistened with) NagCO3 gives a 
Co(NO3)2 _ solu-| gray magnetic 
tion and re- powder. (33 a.) 
heated strongly) 
gives a fine blue 
mass. 
6. Fused in bo- Reddish - yellow|\Same as Fe’”’. Green both in 
rax bead: in outer flame. outer and inner 


Greenish-yellow 


in inner flame. 


flames. 
‘ 
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Members of this group occurring singly are easily 
distinguished by one or other of the above tests, the first 
three serving for liquids, the last three for solids; tests 
2 and 5 are the best for Al, 2, 4, and 6 for Cr, and 1, 3, 
or 6 for Fe. 

108. (s) The separation and detection of these three 
substances when mixed depend upon the following dif- 
ferences : 

1. The solubility of Al,Ho, in boiling KHO, in which 
Fe,Ho, and Cr,Ho, are insoluble. 

2. The conversion of Cr,Ho, by fusion with Na,CO, and 
KNO, into soluble Na,CrO,; Fe,Ho, remaining as Fe,O,, 
which is insoluble in water. 

3. The yellow color of the solution of Na,CrO, in 
water, and production of a yellow precipitate by acidify- 
ing it with HA and adding PbA,, 

4. The blood-red coloration obtained by adding KCyS 
to the Fe,O, dissolved in HCl. ‘ 

109. (s) A solution which may contain Al, Fe, Cr, is 
examined in the following manner: : 

To a few drops of the solution acidified with HCl add 
a little K,FeCy,; if a blue precipitate is produced Fe is 
present ; this portion is rejected. Two other small por- 
tions of the acidified solution are then tested; one with 


Eee 


K,(FeCy,),, which by giving a dark-blue precipitate 


shows the presence of Fe’’; the other with KCyS, which 
if it gives a blood-red color proves the presence of Fe!’’. 

Boil the rest of the solution for several minutes, add- 
ing a few drops of strong HNO, if Fe’’ is present; add 
some AmCl, then AmHO until the liquid after being 
well stirred is alkaline and smells of NH,; boil, filter, 
and examine the precipitate by Table III 4 (436), disre- 
garding all the appended notes. 


GROUP III n.—ZINC GROUP. 

110. This group includes Zn, Mn, Ni, Co; its mem- 
bers differ from those of Groups IV and V, by being 
precipitated by Am,S in neutral or alkaline solution, and 
by H,S in alkaline solution; they are not precipitated by 
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the group reagents for Groups III a, IT, and_I. Mn 
is, however, liable to be precipitated by AmHO, even in 
the presence of AmCl, if the solution stands exposed to 
air for some time. 

The members of this group show no characteristic flame 
colorations, but with the exception of Zn give character- 
istic colors to a borax bead. 

BaCO, does not precipitate this group as it does Group 
III a, unless its members are present as sulphates. 


Zinc (Zn).—Use ZnSO,.7H,0. 


Zine salts are usually colorless. 


111. Am,S: white precipitate (ZnS): the precipitate 
often appears yellow from the presence of excess of yel- 
low Am,S in the liquid; its true color is seen in the next 
reaction, or by letting the precipitate produced by Am,S 
settle, or by filtering it. For the solubility of this pre- 
cipitate see the end of the next reaction. 

112. H,S; white precipitate (ZnS): the Zn is only 
partly precipitated from a neutral solution, since H,SO, 
is separated and dissolves the ZnS: 

7nsO, + HS = ZnS + HSO,; 
but if NaHO or AmHO be added to neutralize the 
H,SO, when it is set free, the Zn may be entirely pre- 
cipitated; addition of NaA also causes complete pre- 
cipitation, since HA replaces H,SO, in the solution, and 
ZnS is insoluble in HA: 


ZnSO, + HS + 2NaA = ZnS + Na,SO, + 2HA. 


Add H,S to some ZnSO, solution to which AmCl has 
been first added and then AmHO until it is alkaline, 
and show by adding to separate portions of this liquid 


HCl, HA, and Am,S, that ZnS is soluble in HCl, and 
insoluble in HA and in Am,S? 


' HS may be used in this group as sulphuretted hydrogen water. 
2 The tests which show the solubility of the sulphides of this group 


' are best tried on the precipitate obtained by adding AmCl, AmHO, 


| 
\ 
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113. ‘TO added in small quantity gives a white pre- 
cipitate (ZnHo,); if more K HO is added, this precipitate 
dissolves ; the ZnHo, is, however, reprecipitated as such 
by adding much water to this solution and boiling it, or 
as ZnS by passing HS gas into it. 

114. Solid ZnSO, TH, O powdered with Na,CO, in a 
mortar, then heated on charcoal in the inner blowpipe 
flame, gives an incrustation on the charcoal, which is yel- 
low whilst hot and white when cold. It cannot be driven 
away by the outer blowpipe flame, but is easily removed 
by the inner flame. If this incrustation on cooling is 
moistened with cobalt-nitrate solution and strongly heated 
in the outer blowpipe flame it becomes green. 

The above changes of color are more distinctly obtained by igniting 
a little solid ZnSOz in the outer blowpipe flame on charcoal ; it is 


yellow whilst hot, and white when cold; if moistened with Co(NOs)g 
solution and reheated in the outer flame, it becomes green. 


MANGANESE (Mn).—Use MnCl, or MnSO,,. 


Manganous salts are usually of a pale-pink color. Alkaline man- 
ganates are green, permanganates purple. 

115. Am,S: flesh-colored or pale-pink precipitate 
(MnS): the liquid should be filtered, since the precipitate 
often appears discolored by the yellow Am,S, the color 
of the precipitate on the filter is then easily seen; the 
color of the moist precipitate changes to dark brown on 
standing in the air upon the filter. For the solubility of 
this precipitate see (116). 

116. H,S precipitates MnS partly from neutral solu- 
tions, entirely from alkaline solutions, but not at all in 
presence of free HCl or HA; show with separate por- 
tions of the MnS precipitate, obtained by adding AmCl, 
AmHO, and then H,S solution to the liquid, that Mn 
is soluble in HCl and in HA, but insoluble in Am,S. 

117. KHO: white precipitate (MnHo,), quickly 
turned brown by pouring the liquid containing the pre- 


and HS, unless freshly prepared colorless Am,S can be obtained, - 


since from yellow Am,S acids precipitate sulphur. 
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cipitate into a white porcelain dish or upon a filter: the 
precipitate is insoluble in excess of K HO. 

118. AmHO gives the same precipitate, but if suffi- 
cient AmCl is first added, AmHO produces no imme- 
diate precipitate; the solution, however, on standing 
exposed to the air turns brown and the Mn is gradually 
precipitated as brown Mn, HO,. 

118 a. Pour a little MnSO, (not MnCl,) solution upon some red or 
brown lead oxide (PbO,), add HNO, which must be quite free from 
Cl; boil the mixture and allow the powder to settle ; the clear-liquid 
is colored deep red by the formation of permanganic acid (HMnQ,). 
The production of this color is prevented by the presence of even a 
minute quantity of chlorine. 

119. Blowpipe Tests.—If any solid substance contain- 
ing Mn be fused in the outer flame with a mixture of 
Na,CO, and a little KNO, upon platinum foil, a bluish- 
green mass is obtained on cooling; the mixture should 
be fused by heating the lower surface of the foil with the 
blowpipe flame. The test may be also made by fusing a 
mixture of Na,CO, and K NO, into a bead in a loop of 
platinum wire, and then fusing the substance into this 
bead by heating it in the extreme tip of the outer flame. 


119 a. Fused with Na,CO, on charcoal in the inner _ a gray 
magnetic powder is obtained (33 a). 


120. Borax Bead.—Use very little MnO, : 

{ Violet-red bead whilst an 
\ Amethyst-red on cooling. 
In the inner flame.—<A colorless bead. 


In the outer flame 


_ Nicxetn (Ni).—Use NiSO,.7H,O. 
Nickel salts are usually bright green in color. 


121. Am,S: black precipitate (NiS); add more- yellow 
Am,S,? boil and filter, a brown filtrate runs through, 


* A borax bead is often opaque from the use of too much sub- 
stance. If such is the case fuse the bead in the blowpipe flame, then 
by a sudden jerk throw some of the fused mass off, and fuse again 
the remaining portion with fresh borax; repeat this if necessary. 
The fused bead often becomes transparent when flattened by squeez- 


. ing with small pincers. 


* The Am.S must be yellow; colorless Am,S does not dissolve NiS. 
10 
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colored by NiS dissolved in the excess of Am,S; pour 
this filtrate into a porcelain dish and boil for some time, 
adding distilled water if necessary to prevent the dish 
becoming dry; the black NiS will be precipitated and 
may be filtered off, giving a colorless filtrate. If HA 
is added to the dark filtrate until it is acid, the NiS is also 
precipitated from it. 


122, HS: black precipitate (NiS) in neutral solu- 


tions or in solutions acid with HA (112), but HCl pre- 
. vents the precipitation ; show with portions of the liquid 
containing NiS, obtained by adding H,S to NiSO, solu- 
tion to which a little AmCl and AmHO have been added, 
that NiS is insoluble in cold dilute HCl and in HA, 
but soluble when heated with HCl after adding a crystal 
of KCIO,. 

123. KHO: light-green precipitate (NiHo,). 

124, AmHO added in very small quantity: bluish- 
green precipitate (NiHo,), soluble in excess of AmHO to 
a violet-blue liquid, soluble also in AmCl. If AmCl be 
first added, AmHO causes no precipitate. 

125. /Cy solution’ added in small quantity gives a 
yellowish-green precipitate (NiCy,); by further addition 
of KCy this precipitate is dissolved, but HCl reprecipi- 
tates NiCy, from the solution. 

126. If some NiSO, solution is made acid with several 
drops of HCl, then KCy solution gradually added, whilst 
stirring or shaking the liquid, until the precipitate is re- 
dissolved, and the solution thus obtained is boiled for a 
short time, then cooled and divided into two parts: HCl 
added in excess to one part will produce a precipitate of 
NiCy,; often only appearing after a time: Na,Cl,O, or 
Br-water after excess of NaHO, added to the other part 
will give on warming a black precipitate (Ni,Ho,). 

Blowpipe Reactions : 

127. Solid NiSO,.7H,O powdered with Na,CO, in a mortar and 


then fused on charcoal in the inner blowpipe flame, leaves a gray 
powder which is attracted by the magnet. (33 a). 


' KCy solution must always be prepared immediately before use ; 
it is decomposed by keeping. 


J 
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128. Boraz bead: 
( Violet or sherry-red bead 
In outer flame whilst hot. 
Pale yellow on cooling. 
In inner flame, after being 


heated for some time. }B lack or opaque bead. 


CopaurT (Co).—Use Co(NO,),.6H,O. 

Cobalt salts are usually reddish-pink in color. 

130. Am,S: black precipitate (CoS) ; on adding much 
An,S, boiling and filtering, the filtrate is colored yellow 
by Am,S and is not dark colored, since CoS is insoluble 
in Am5S (difference from NiS). For the solubility of 
CoS see Exp 131. 

131. H,S: black precipitate (CoS), only forms in al- 
kaline solutions or in solutions acid with HA (112); HCl 
prevents the precipitation. Add AmCl, then AmHO in 
excess, and then H,S-water to some Co(NO,), solution, 
and pour into separate portions of this liquid HCl and 
HA, the precipitate does not dissolve; to the portion 
containing HCl add a crystal of KCIO, and heat, the 
precipitate dissolves readily. 

132. KHO: blue precipitate (CoHo,), turning green 


if poured out upon a watch-glass and allowed to stand 


in the air, and becoming pale red on being boiled ; the 


red color is, however, frequently more or less masked by 
a brown cobalt hydrate precipitated at the same time. 

1383. AmHO: bluish-green precipitate, having the 
same properties as that given by KHO; soluble in AmCl, 
hence if AmCl is added before AmHO no precipitate is 
produced. 

1384. ACy solution added in small quantity gives a 
reddish-brown precipitate (CoCy,) ; add more KCy solu- 
tion slowly and whilst shaking the liquid, the precipi- 
tate dissolves ; now add HCl, the CoCy, is reprecipitated. 

135. If some Co(NO,), solution is made acid with a 


few. drops of HA, then KCy solution added slowly until 
the precipitate at first formed just redissolves, and the 
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liquid is boiled until no further smell of HCy is evolved, 
then cooled and divided into three parts, it will be found 
that neither HCl, nor Na,Cl,O, nor Br-water with excess 
of NaHO solution, produces a precipitate on warming 
the liquid. [Difference from Ni (126). ] 


The difference of behavior of the Ni and Co solutions which have 
been boiled with excess of KCy, is due to the fact that NiCy2 forms 
with KCy a feeble compound (NiCy2.2KCy), which is soluble in 
water, but is easily decomposed ; whereas CoCye forms with KCy in 
the air the very stable soluble compound Ke(CoCye)s, “ Potassium 
cobalticyanide.” 


Blowpipe Reactions : 


136. Fused with NazCOs on charcoal in the inner flame Co( NOs)2 
gives a gray metallic powder attracted by the magnet (33 a). 


1389. Group I 


Zn—salts. Mn—salts. 


Tests. 


a. For liquids. 
1. Add Am.8, or better, 
AmCl], AmHO in excess, 
and H.S-water: 


2. Add KHO: 


Pink precipitate: solubl 
cold dilute HCl: solu 
HA, 


White precipitate: soluble in 
cold dilute HCI: insoluble 
in HA. 

White precipitate: tur 
brown in the air: insol 

= in KHO. 


White precipitate: soluble in 
excess of KHO. 


8. Add KCy, solution: 

This test need only be tried 
when a black precipitate 
has been obtained by Test 
No. 1, 


b. Blowpipe tests for solids. 


On charcoal in the inner 
flame: givesa white incrus- 
tation, which, if moistened 
with Co( NO). and heated 
in the outer flame, turns 
green, The substance itself 
when strongly heated 
after having been moist- 
ened with Co(NOg)p also 
becomes green, 


4, Fused with NagCO;: 


5. Borax bead: 


On charcoal in the in 
flame: a gray magn 
powder (83 a). 

On platinum foil in ou 
flame: a bluish-green m 
showing more rapidly 
little KNO3be mixed wi 
the Na,CO, before fusin 


Outer flame.—A methyst-ri 
Inner flame.—Colorless. 
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137. Borax bead: strong solution may be employed, 
the bead being dipped into it; fine blue bead in both in- 
ner and outer flames ; opaque if too much Co(NQ,), has 


been used. 


138. When a solution is to be examined for only one 
member of this group, its detection by one or more tests 
in the table (139) will be very easy. The precipitate 
with AmS is distinctive, ZnS and MnS being equally 

. recognized by their different colors; NiS and CoS, which 
differ from ZnS and MnS by being black, are distin- 
___ guished from one another by the solubility of NiS in ex- 

cess of Am,S, the liquid therefore giving a brown fil- 
trate. KHO also gives characteristic precipitates with 
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Ni—salts. Co—salits. 


( ack ecipitate: soluble in boiling yellow | Black precipitate: insoluble in boiling yellow 


*toa dark solution: insoluble in cold Am»S,! in cold dilute HCl, and in HA. 
il te HCl and in HA. 


precipitate: insoluble in KHO. Blue precipitate: insoluble in KHO. 


ded in excess to the slightly acid solu- | Added in excess to slightly acid solution 
ion and boiled for some time, then Nas- | and boiled for some time, NagCl,O (or Br- 
1,0 (or Br-water and excess of NaHO) | water and excess of NaHO) gives no pre- 
ea , gives a black precipitate on heat- | cipitate on heating. 


1 chareoal i in the inner flame, a gray mag- | Same as Ni. 
etic powder (33 a), 


4 uter danse. Violet or yellow while hot. Outer and inner flames—Fine blue bead. 
Yellow when cold. 
nner flame.— Gray or opaque bead. 


o er to ascertain whether the precipitate has been dissolved, filter and observe 
x the filtrate is dark in color. 


118 GROUP IIIB.—DETECTION.  [140,141. 


each of these substances. The most distinctive tests for 
Ni and Co are 3 and 5; for Zn and Mn, 2, 4, and 5. 

140. (s). The method for separating and detecting Zn, 
Mn, Ni, Co, when mixed, depends on: 

1. The solubility of NiS in yellow Am,S; ZnS, MnS 
and CoS being insoluble.’ NiS is precipitated from this 
solution by boiling or by addition of HA, and the pres- 
ence of Ni is then confirmed by fusion in a borax bead. 

2. The solubility of ZnS and MnS in cold dilute HCl, 
NiS and CoS being almost insoluble. (Note 1, below.) 

3. The solubility of ZnIfo, in cold KHO, in which 
Mnfo, isinsoluble; white ZnS is then precipitated from 
this solution by HS. 

4. The production of a bluish-green mass by fusing 
MnHo, with Na,CO, and KNO,. 

5. The difference of behavior of the KCy solution of 
Ni and Co with Na,Cl,O, or with Br-water and excess 
of NaHO; and the marked difference in their borax 
beads. (Note 2, below.) 


Note 1.—Mn may also be separated from Ni and Co by passing HS 


into the solution containing NaA (112); Mn remains in solution, 
NiS and CoS are precipitated. 

Note 2.—A modification by Henry of Rose’s method for separating 
Ni and Co is also to be recommended ; it depends upon the fact that, 
whilst Co is precipitated as Co2Hog by BaCOs in presence of Br, Ni 
remains in solution. The sulphides are dried and then strongly ig- 
nited in an open porcelain crucible; the metals remaining as oxides 
are dissolved by boiling with a little strong HCl, carbon is filtered 
off if necessary, and to the clear solution, after being cooled and mixed 
with Br-water, excess of BaCOs is added in a small corked flask: the 
flask is then well shaken and allowed to stand for about half an hour ; 
on filtering, Co if present is detected in the precipitate by the borax 
bead ; Ni is precipitated from the filtrate by heating it with KHO; 
on filtering, the presence of Ni in the precipitate may be confirmed 
by fusing a portion of it in the borax bead. 


141. (s). A solution is examined for Zn, Mn, Co, Ni, 
by adding AmCI to it in a boiling-tube, then AmHO if — 
necessary until it is alkaline, and then Am,S until, after 
being well stirred or shaken, the liquid smells of it. The 
liquid is then boiled, a few drops are poured upon a fil- 


1 Tn order to ascertain whether the precipitate has been dissolved, 
filter and observe whether the filtrate is dark in color. 
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ter and the color of the filtrate noted ; if it is colorless, 
sufficient Am,S has not been added ; more Am,S is then 
to be poured in, and the liquid again boiled. When a 
few drops run through the filter brown or yellow in color, 
Am,S has been added in excess; the whole is boiled and 
filtered and the precipitate examined by Table III B 
(437) ; the filtrate if yellow is rejected, if brown it is 
examined for Ni according to (431). 


GROUP II 4—COPPER GROUP. 

142. This group includes Hg’’, Pb, Bi, Cu, Cd; its 
members differ from those of Groups III a, III s, 1V 
and V, in being precipitated by H,S in acid solutions. 
With the exception of Pb, which in a strong solution is 
partially precipitated by HCl, the members of this group 
are not precipitated by HCl. 

The sulphides differ from those of Group II Bs, by 
being insoluble in Am,S or KHO. If very much acid 
is present, H,S does not precipitate the members of this 
group readily or completely ; they are precipitated how- 
ever on dilution. 


Mercuricum (Hg’’).—Use HgCh. 


143. Hg forms two series of compounds distinguished as mereurie 
and mercurous; the mercury in these two states behaves differently 
with reagents, and may be distinctively called mereuricum and mercu- 
rosum ; in the latter state it is classed under Group I. 


144. HS: black precipitate (HgS): if the H,S solu- 
tion is added slowly, the precipitate is first white, then 
brown or orange, and ultimately becomes black: these 
changes of color during the addition of H,S are char- 
acteristic of mereuric salts. Filter and wash the precipi- 
tate: place portions of it in three test-tubes: boil one 
portion with strong HNO, and another with strong HCl, 
the precipitate is not dissolved by either acid; mix the 
contents of the two tubes and warm again, the precipi- 


1 A test-tube half full of the solution must be used in order to get 
sufficient precipitate for the experiments below. This remark ap- 
plies also to the liquid used for obtaining the H2S-precipitate with 
the other members of this group. 
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tate will now dissolve: boil the third portion with Am,S, 
the precipitate does not dissolve. Hence HgS is in- 
soluble in hot strong HNO,, in hot strong HCl, and in 
Am,S, but is easily soluble in a mixture of HNO, and 
HCl or “aqua regia.” 

145. SnCl,: white precipitate (Hg,Cl,): if more SnCl, 
is added and the liquid boiled, the white precipitate be- 
comes gray and consists of fine particles of Hg; if the 
liquid be decanted and the gray precipitate be then boiled 
with strong HCl, the He particles unite to globules 
visible by a lens or frequently by the naked eye. 


2HgCl, + SnCl, = Hg,Cl, + SnCl,. 
Hg,Cl, + SnCl, = 2Hg + SnCl,. 


146. Cu: ifa small strip of copper sheet or a copper 
coin, whose surface has been polished and cleansed by 
rubbing it with sandpaper, be immersed in some HgCl, 
solution made acid with a drop or two of HCl, it will 
soon become coated with a gray film of Hg: 


HgCl, + Cu = "Be ar. 


If the surface of the Cu, after having been immersed 
for several minutes, is dried and rubbed hard with a 
cloth or piece of wash-leather, it will appear more or 
less whitened like silver, the liquid metal Hg having 
“amalgamated” the Cu. The Hg may be readily 


driven off by heating the Cu strongly ; if this heating is. 


performed in a test-tube, or better in a small hard glass 
tube sealed at one end (10), a sublimate of globules of 
Hg forms upon the cool sides of the tube. 

147. Mix a little solid HgCl, intimately with about 
three times as much Na,CO,, by powdering them together 
in a mortar, or with a pestle on a watch-glass. Pour 
some of this dried mixture into a perfectly dry small 
test-tube (see note below), and cover the mixture 
with a small layer of Na,CO,; now heat strongly first 
the layer of Na,CO,, then gradually the mixture: Hg 
will sublime, condensing in globules on the sides of the 
tubes. Sometimes the globules are so small that the 
layer appears as a gray film; they may be united into 
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visible globules by rubbing the film with a splinter of 
wood or with a thin glass rod (11 a), or the separate 
globules may be seen by means of a pocket lens. 


Note—The powdered mixture is best dried by spreading it out 
upon a watch-glass and placing it in a stream or water oven; it may 
be dried also by supporting it on the filter-dryer (25) at some height 
above a small flame. A powder such as the above is most easily 
placed in a narrow closed tube by alternately scooping the powder 
up with the mouth of the tube, and tapping the tube so as to shake 
the power to the bottom, or by turning the powder out upon a piece 
of note-paper folded over into a trongh and pouring it thence into the 
tube, holding both over the watch-glass to catch any substance which 
falls. Both the inside of the tube and the powder must be perfectly 


-dry, else some powder obstinately adheres to the sides of the tube 
-and obscures the sublimate. The heating must never be commenced 
‘until the sides of the tube are perfectly clean; they are cleansed it 


necessary with a twisted slip of filter-paper or a wooden match ; also 
if any drops of water condense on the inside of the tube during the 
first stage of the heating they must be removed by a twisted piece of 
filter-paper, or by_a small piece of filter-paper rolled round a wooden — 
match or a thin piece of wire. 

148. Heat a little solid HgCl, in a tube toad at one 
end ; the substance sublimes in white fumes, since Hg- 
compounds are volatile. 


Leap (Pb).—Use PbA,.3H,O dissolved in water to 


which a little HA has been added. 

149. HS: black precipitate (PbS): this precipitate 
is red if much hydrochloric acid is present in the solution, 
but becomes black on diluting with water and passing 
H,S, or on adding more H,S-solution. Filter or decant, 
and show with separate portions of the precipitate that 
PbS is insoluble in KHO or Am,S, soluble in boiling 
dilute HNO,, but converted by boiling strong HNO, into 
insoluble PbSO,. 

150. HCl: white precipitate (PbCl,), forms only in 
cold and strong solutions: on boiling, the precipitate dis- 
solves,’ but the PbCl, separates again in beautiful erys- 
tals on cooling. 

151, H,SO,: white precipitate(PbSO,): this precipi- 
tate is much less soluble in dilute H,SO, than in water, 


1 If the precipitate does not entirely dissolve add a little water and 
boil again. 


ee 
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hence EH,SO, should be added in excess to a pretty strong 
solution of Pb: pour off into two test-tubes and let the 
liquid stand; decant the liquid from the precipitate, and 
show that the precipitate may be dissolved by pouring 
upon it HA or H,T, then AmHO in excess, and boiling ; 
show also that it dissolves in boiling strong HCl. 

152. K,CrO, or K,Cr,O,: yellow precipitate (Pb 
CrO,); pour off into two tubes and show that the pre- 
cipitate is soluble in KIO, but insoluble in HA. 

153. Blowpipe Reaction—Mix well some powdered 


PbA,.3H,0 with about twice as muchNa,CO,; heat the 
mixture in a cavity on apiece of charcoal in the inner 
flame ; a yellow incrustation will form around the cavity 
and small bright white-globules of Pb will be seen within 
it. The incrustation is readily removed when heated in 
the inner blowpipe flame, coloring the flame azure-blne. 
Detach one of the globules with the point of a knife, 
place it on the bottom of a mortar turned upside down, 
and give ita smart blow with the pestle; it flattens out 
without breaking into powder, because Pb is malleable, 
not brittle. If one of the globules be fixed upon the point 
of a penknife, it will be found by gentle friction on paper 
to mark itas a black-lead pencil does. 


Bismutu (Bi).—Use Bi(NO,),.5H,O dissolved in di- 
lute HCl. 

154. H,S: brownish-black precipitate (Bi,S,): let 
stand and decant most of the water; then pour some of 
the precipitate into: three test-tubes, and show that it 
paseabie in Am,S, and in K HO, but soluble in strong 

2Bi(NO,), + 3H,S = Bi,S, + 6HNO,. 

155. AmHO or KHO: white precipitate (BiHo,) : 
pour off a small quantity of the liquid and precipitate 
into a tube, add much AmIIO and warm, the precipitate 
is undissolved; filter off the rest of the precipitate and 
dissolve it by pouring upon the filter @ few drops of, hot 
dilute HCl; keep this solution. 

156. H,O: pour the HCl solution obtained from the 
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last reaction, or some of the original solution, into a large 
quantity of distilled water contained in a beaker; on 
stirring and letting stand a milkiness appears, due to the 
formation of BiOCl. 


BiCl, + H,O = BiOCl + 2HCIl. 


Pour a little of the milky liquid into two test-tubes ; 
warm one portion after adding to it a little strong HCl, 


the precipitate dissolves ; to the other add H,T and warm, 
the milkiness remains (difference from SbOCl). If but 
little Bi is hae this milkiness often only appears after 
stirring and letting the liquid stand for five or ten min- 
utes. . 

157. K,CrO, or K,Or,O, (see note below): yellow 
flocculent precipitate [ Bi,(CrO,),]: add KHO, the pre- 
cipitate does not dissolve (difference from PbCrQ,); it 
dissolves completely in HCl or HNO, added in excess. 

Note.—Since this precipitate is soluble in HCl, and HCl is present 


in the Bi-solution used, the free HCl must first be removed by dis- 
solving in a little of the Bi-solution a sufficient quantity of solid 


NaA; the free HCl is thus replaced by HA, which does not dissolve 
the precipitate : 


NaA + HCl = NaCl + HA. 

158. H,SO,: no precipitate. 

159. Blowpipe Reaction.—A mixture of powdered 
Bi(NO,), and Na,CO,, heated on charcoal in the inner 
flame, gives an incrustation orange-red whilst hot, yellow 
when cold; also white globules of Bi, which are very 
brittle, being crushed to powder by a sharp blow with 
a pestle (153). 


CopPrER (Cu).—Use CuSO,.6H,0. 

Copper salts are usually blue, sometimes green in color; their 
_ color commonly becomes very pale, or disappears when the salts are 
thoroughly freed from water of crystallization. 

160. H,S: brownish-black precipitate (CuS) : filter, 
keeping the funnel carefully covered with a glass plate, 
as air quickly oxidizes CuS to CuSO,, which dissolves 
and runs through with the filtrate. Place some of the 
precipitate in five test-tubes, and show that it is insoluble 
in KHO, in Am,S, and in boiling dilute H,SO,, but dis- 
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solves in boiling HNO,, dilute or strong, and in KCy 
solution. 

161. AmHO added in very small quantity: a greenish- 
blue precipitate: if more AmHO is added this precipi- 
tate dissolves, yielding an intensely blue liquid containing 
(N,CuAm,H,)SO,, which becomes again light blue on 
adding an acid in excess. 

162. H,SO,: no precipitate. 

163. K,HeCy,: reddish-brown precipitate (Cu’’, 
FeCy,), insoluble in HA ; the color is best seen by trying 
the reaction in a white porcelain dish. In very dilute 
solution only a reddish color is produced. 

164. Fe: a bright strip of steel or iron, such as the 


blade of a penknife, freed from grease by rubbing with’ 


sandpaper, or by boiling in a dilute KHO and washing, 
when dipped into CuSO, solution made acid with a few 
drops of H,SO,, is covered with a red film of Cu after a 
time. 

165. Zn and Pt.: Zn if placed upon a piece of plati- 
num foil or wire in some CuSO, solution contained in 
a porcelain dish or watch-glass, causes a red film of Cu 
to deposit on the platinum. The CuSO, solution should 
he first made acid with a few drops of H,SO,. 

Blowpipe Reactions : 

166. A mixture of powdered CuSO,.6H,O and Na,CO,, 
if heated on charcoal in the inner blowpipe flame, gives 
red scales of Cu, which are best seen by separating them 
as directed in (33 a). 
( In outer { Green whilst hot, blue 

flame : when cold. 
Red or colorless bead 
when cold; obtained 
Tr denee only when very little 
n inner Fahy i 
u is present, an 
the bead is long 
heated in a good re- 
ducing flame." 


167. Borax 
bead. 


flame: 


1 The red bead is much more easily and rapidly obtained by fusing 
a fragment of Sn or Zn into the bead; the former gives a clear, the 
latter a turbid bead. 
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168. Flame coloration: a loop of platinum wire dipped 
into CuSO, solution, and held in the inner blowpipe 
flame, or in the Bunsen flame, gives a green coloration ; 
the flame shows a blue centre after the loop has been 
moistened HCl. 


Capmium (Cd).—Use CdSO,.4H,0. 

169. H,S: bright-yellow precipitate (CdS): boil off 
the H,S, and pour the liquid into several tubes; show 
with these separate portions that the precipitate is insol- 
uble in Am,S, in KHO, and in KCy solution, but solu- 
ble in boiling dilute HNO, and in boiling dilute H,SO,; 
dilute the H,SO, solution with much water and pass 
HS for a short time, yellow CdS is reprecipitated. 

170. AmHO added in small quantity, best by using 
AmHO much diluted: white precipitate (CdHo,); on 
adding more AmHO the precipitate readily dissolves. 

171. H,SO,: no precipitate. 

172. Blowpipe Reaction.—Powdered CdSO, mixed 
with Na,CO, and heated on charcoal in the inner blow- 
pipe flame, gives a brown incrustation. 


173. Group II 4.—TAaBs Le or DirrERENCEs.—(See 
pp. 126, 127.) 

174. The color of the H,S precipitate, and its behavior 
with strong HNO,, enable the analyst to detect one mem- 
ber of this group when present alone: the most charac- 
teristic special tests for each member of this group will 
be found under its reactions. 

175. (s). The separation of Hg, Pb, Bi, Cu, Cd, de- 
pends upon the following differences : 

1. The solubility of Bi,S,, CuS, CdS in strong boiling 
HNO,; HgS and PbS being insoluble, and remaining as 
HgS and PbSO,. 

2. The solubility of PbSO, in HA and excess of 
AmHO; HeS being insoluble. 

3. The solubility of CuHo, and CdHo,, and insolu- 
bility of BiHo,, in excess of AmHO. 

4. The solubility of CdS and insolubility of CuS in 
boiling dilute H,SO,. The insolubility of CdS in KCy 
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solution, in which CuS easily dissolves, furnishes another 


nieans of separation. 


After having been separated, the presence of each 


GROUP ILA. 


metal is confirmed by some special test. 


176. (s). A solution which may contain Pb, Hg, Bi, Cu, 
Cd, mixed, is first made acid, if not already so, with a 
little HC1;' HS is then passed in a rapid stream through 
the solution for about five minutes ; the precipitate is fil- 
tered off, the filtrate mixed with H,S water, or diluted 
with a little water and H,S again passed for a short time, 


Tests. 


a. For liquids. 


1. Pass HS, or add H.S 
water: 


2. Add H,S0,: 
3. Add AmHO: 


b. Blowpipe reactions for 
solids. 


4, Heated with Na,CO, on 
charcoal in the iuner 
blowpipe flame: 


* A white precipitate of PbClo, which may form if the solution is very 
strong, is neglected, since it is readily convertible into PbS by H2S. 


Hg—salts, 


Black precipitate ; when fil- 
tered and well washed, in- 
soluble in boiling strong 
HNOsg, and unchanged by it. 


White precipitate, insoluble 
in excess. 


Test for Hg by (147). 


[176. 


Group II 4 


Pb—salts. 


Black precipitate; a 
insoluble in boiling str 
HNO, changed by it i 
white PbSOg. : 


White precipitate. 


White precipitate, insolu 
in excess. 4 


Yellow incrustation ; w! 
malleable globules. 
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ascertain whether all the metals have been completely 
precipitated: if no further precipitate is produced the 
filtrate may be rejected; but in case H,S causes further 
Beeripitation, the gas must be passed for some time 
longer, and the liquid poured again through the filter, 
the filtrate only being rejected when H,S no longer pro- 
_ duces any precipitate in it; the precipitate is then exam- 
ined by Table II ( (435), ‘commencing at Group IT a 
_ (Copper Group), and using only the left-hand side of the 
table. 
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; 3 Bi—salts. Cu—salts. Cd—salts. 


I recipitate; soluble | Black precipitate; soluble in | Yellow precipitate; soluble 
ling strong HNO, boiling concentrated HNO,)| in boiling INOs, and in 

rm a colorless solu-| to form a blue solution;| boiling atte H,SO,. 

a insoluble in boiling dilute 

fo 


ipitate, insoluble | Blue precipitate, easily sol-| White precipitate, easily 
( uble in excess to a deep-| soluble in excess. 

; blue liquid. 
m by (156). 


o-red pore pion ; No inerustation ; red metallic| Brown incrustation ; no glub- 
4 brittle globules. scales. ules. 


Confirm by (167, 168). 
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GROUP IT p—ARSENIC GROUP. 

177. This group includes As, Sb, Sn; its members 
differ from those of Groups III a, III z., IV, and V, 
by being precipitated by H,S in a solution made acid 
with HCl; they differ from those of Group I, in not 
being precipitated by HCl. 

The sulphides of this group, which are precipitated by 
ELS, differ from those of Group II 4 by being soluble 
in Am,S or KHO. 

178. Each member of this group forms two series of 
compounds which resemble each other in many reactions, 
but also present several differences. The two classes are 
distinguished conveniently by the terminations -ie and 
-ous, thus we speak of arsenic and arsenious acid. 


For arsenious compound use HCl 
solution of As,O,. 
For arsenic compound use water so- 


lution of Na,HAsO,.12H,0O. 


A. TESTS WHICH GIVE ULTIMATELY THE SAME RE- 
SULT WITH BOTH SETS OF COMPOUNDS. 


ARSENIC (As). 


The two solutions should be taken in separate test- 
tubes and a portion of each tried in succession with each 
reagent; the difference of behavior is thus more easily 
appreciated and remembered. 


Arsenic compounds are converted into arsenious by 
boiling with HCl; this explains reactions (179) and 
(180) with arsenie solutions. 


| 
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Reagent. . Arsenious solution. Arsenic solution. 
179. H,S: | In neutral solutions only a yellow | No precipitate is 


180. Cu: 3) Reinsch’s test—If boiled in the 


color is produced, but if the 
solution is acid with HCl a light | 
yellow flocculent precipitate 
(As,S3) forms immediately even 
in the cold. Shake up and 
pour some of the liquid into 
another test-tube and show that 
KHO and Am,S§, added to the | 
separate portions drop by drop 
dissolve the precipitate, which, 
however, is thrown down 
again on addition of HCl in 
excess.! 


produced in 
the cold solu- 
tion acidified 
with HCl; but 
if theacid solu- 
tion is boiled, 
HS causes in 
the hot solu- 
tion, first. a 
milky precipi- 
tate of S, then 
yellow As,Ss. 


The same depo- 


or 4 nar-| solution to which some dilute} sit is obtained 
row strips} HCl has been added, Cu be-| as with As,Os, 
brightly| comes coated with a black film) but only when 
polished| (As,Cu,); if the Cu strips are| strong HCl is 
with sand-| carefully dried by being pressed | added and the 
paper. between filter-paper, and are} liquid boiled. 


heated in a small dry test-tube, 
a white sublimate of As,O, 
forms in the upper part of the 
tube; on being examined with 
a lens, this is seen to consist of 
white octahedral crystals. This 
sublimate may be dissolved 
when cold in a little hot water, 
and the presence of As confirmed 
by tests (179) and (187). The 
presence of As in the deposit 
should always be confirmed in 


this-way, since other metals be- 
sides As are deposited on Cu as 
a black film. 


1 The KHO solution of the precipitate and the As,S, precipitated 
from it by HCl are often discolored by black sulphides formed by 
the action of H,S upon Pb or Fe present as an impurity in the KHO; 
this discoloration may be almost entirely prevented by boiling the 
liquid before adding KHO,—the free H,S is thus expelled. 


11 
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TESTS DEPENDING ON THE FORMATION oF AsH,. 


Note 1.—As AsH, is a very poisonous gas, the following experi- 
ments should be performed in a cupboard provided with a good 
draught, or in the open air. 

Note 2.—Arsenie compounds give these reactions less readily than 
arsenious, but by being boiled with HCl for a short time they are 
converted into arsenious compounds, which then readily give the 
following reactions. 


181. Hofmann’s Method.—If some scraps of Zn and 
some dilute HCl, both free from As, be placed together 
in a small flask fitted with a funnel-tube dipping below 

the liquid and a deliy- 

Fic. 83. ery-tube, as shown in 

Fig. 33,1 H will be 

given off either at once 

or on adding a little 
strong HCl: 


Zn + 2HC] = 2H + 
ZnCl,. 


The hydrogen can be 
made to bubble through 


j 4=- some PbA, solution con- 

= === —— tained ina second small 

flask connected with the 

first by a piece of india-rubber tubing; the gas, thus 

freed from any H,S with which it might possibly have 

been mixed, is then allowed to bubble through some 

AgNO, solution contained in a test-tube which is sup- 

ported in a small beaker; if the Zn and acid were free 

from As, no precipitate or color is produced in the 
AgNO, solution. 

If a little As,O, solution be now poured into the larger 
flask through the funnel, a black precipitate (Ag) will 
begin to form in the AgNO, solution ; this is produced by 
the AsH, evolved by the action of the H upon the As,O,: 


As,O, + 12H = 2AsH, + 3H,0. 


" In order to be sure that the corks and tubes fit air-tight, moisten 
the outside of the cork after it has been placed in the neck of the 
flask and, having closed one tube, blow down the other. No air- 
bubbles must be seen or heard to escape. Several of these apparatus 
may be kept ready fitted in the laboratory for general use. 
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The AsH, on passing into the AgNO, solution, reacts 
thus: 
AsH, + 6AgNO,+ 3H,O = 6Ag + H,AsO, + 6HNO,. 


Hence Ag is precipitated, and H,AsO, remains in solu- 
tion. 

As soon as a copious precipitate has been obtained, the 
test-tube is removed. It will be best to put by the test- 
tube with its contents to be examined afterwards as di- 
rected below, and whilst the gas is coming off to proceed 
at once to use it for reactions (182) and (183). 

The liquid in the test-tube is filtered, the precipitate 
rejected, and several drops of AgNO, solution are added 
to the clear filtrate. On mixing with this liquid drop 
by drop some very dilute AmHO,' and stirring or shak- 
ing after each addition, a light-yellow precipitate (Ag, 
AsO, or Ag,HAsO,) will be obtained. The formation 
of this precipitate on addition of AmHO, is explained 
by the fact that H,AsO, is in the solution in the presence 
of AgNO, and also of HNO, (see last equation) ; now 
AgNO, forms with H,AsO, a yellow precipitate (Ag, 
AsO,) if no free acid is present in the liquid (187); 
hence on neutralizing with AmHO the free HNO, 
already present, and that which is formed by the action 
_ of AgNO, on H,As0O,, the precipitate appears : 


H,AsO, + 3AgNO, + 3AmHO = Ag,AsO, + 3AmNO, 
+ 3H,0.* 


This precipitate is also readily soluble in AmHO; 
hence great caution is requisite to use very dilute AmHO, 
and to add it gradually. 

Caution.—Both flasks should be rinsed out each time 
after use, else some of the AsH, may remain in them 
and be driven out in a future operation. 

182. Disconnect the larger flask from the smaller, 
and slip into the india-rubber joint a tube of hard glass 
about four inches in length whose end is drawn out to a 
fine jet, and supported: on the ring of the retort-stand 


1 Made by pouring several drops of AmHO solution into a test- 
tube, then nearly filling up with distilled water and shaking the 
tube. 
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(Fig. 34); ifthe gas is not coming off briskly pour in 
through the funnel-tube a little strong HCl and light the 
gas as it issues from the jet." The flame will differ from 
that of pure H by burn- 
ing with a bluish tinge, 
and by giving off white 
fumes of As,O,.? 

Press down upon the 
flame the inside of a por- 
eelain crucible lid or of a 
porcelain erucible or dish, 
—a dusky black film of 
As will be deposited upon 
the cool surface; pour 
upon this some Na,Cl,O 
solution,—the stain is rapidly dissolved. Warm also a 
stain of As, obtained inside a porcelain dish, with Am,S; 
it will dissolve and on gentle evaporation will leave yel- 
low As,S,. 

183. Add a little more strong HCl if necessary to 
cause the gas to come off rapidly, light it at the jet and 
heat a point near the middle of the tube 
strongly (see Fig. 34); a black mirror 
of As will form just beyond the part 
heated by the flame, and the flame burn- 
ing at the jet will meanwhile become 
colorless, showing that the arsenic has 
been removed from the hydrogen. Heat 
another point in the tube so as to pro- 
duce a second mirror; then divide the 
tube between the mirrors, and show by 
warming one portion when cold with 


Fia. 34. 


Fia. 35. 


‘ Ifthe experiment is performed as here directed, the H will have 
been evolved for some time before being lighted, and there is no 
fear of an explosion occurring; but if the H is being produced for 
the first time, allow it to eseape briskly for four or five minutes, and 
ascertain that a test-tube full of the gas burns quietly (see Exp. 8, 
p- 26) before adding the liquid to be tested for As and lighting the 
gas at the jet. 

? If these appearances are not noticeable, pour a little more 
‘As2Os solution into the flask through the funnel and mix by gentle 
shaking. 
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some Na,Cl,O solution in a test-tube, that the mirror is 
soluble in Na,Cl,O; show that the other, when heated 
in the tube held obliquely in the flame, or bent as shown 
in Fig. 35 gives a sublimate of As,O;. Dissolve the 
sublimate when cool in a little hot water and confirm 
the presence of As by reactions (179) and (187). 


Tests (182) and (183) were first suggested by Marsh ; the former is 
usually known as Marsh’s test. 

183 a. AsH3; produces a characteristic color with HgCl, solution. 
Remove the cork from the larger flask and push a plug of cotton- 
wool into its neck to stop any spirting from the liquid in the flask, 
then cover the mouth of the flask with a small piece of filter-paper 
moistened with HgCle solution. The paper becomes colored first 
yellow then brown. 

184. If some pieces of Zn or Al be boiled in KHO solutions H is 
evolved, which is free from odor, but if.a little AseO3 solution be now 
added and the liquid be again boiled, a garlic odor is evolved owing 
to the formation of AsHs: 


In + 2KHO =H, a ZnK»Or. 
As,Os + 12H — 2AsHs + 3H20. 


If asmall slip of filter-paper moistened with AgNOs solution and 
placed on the end of a glass rod,! be held in the gas in the mouth of 
the tube whilst the liquid is being boiled, the paper will be stained 
black by the separation of Ag (181). 

This reaction does not succeed with arsenic compounds unless they 
are first reduced by boiling with HCl. It is not given by any Sb 
compounds (difference between As and Sb). 


185. If any solid substance containing As be mixed 
with powdered Na,CO, and KCy or with K,C,O, in a 


Fia. 36. 


mortar, and a small quantity of the mixture, after having 
been dried for some time at a gentle heat on a watch-glass, 


1 A simple method of getting a moistened piece of paper on the 
rod is to dip the rod into AgNOs solution; then gently press the 
paper slip upon it whilst the rod is wet. 
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be introduced into a little bulb-tube of hard glass (Mig. 
36) or small test-tube at least three inches in length; 
and if the substance be then heated, observing the pre- 
cautions stated in the note under (147), a black mirror 
of As forms in the cooler part of the tube and frequently 
a smell of garlic may be detected at the mouth of the 
tube. If the tube be cut off and the mirror be heated 
by holding the bulb obliquely in the flame (Fig. 35), or 
if the As be resublimed in the test-tube, the mirror is 
converted into a sublimate of As,O, erystals. 

186. Blowpipe Reaction.—If any solid substance con- 
taining As is mixed with Na,CO, and the mixture is 
heated on charcoal in the inner blowpipe flame, a smell 
of garlic is produced, which is noticed if the charcoal is 
removed from the flame and smelt. The flame is also 
colored livid blue. 

A little solid As,O, heated in a small ignition-tube is 
readily “sublimed,” and the sublimate is seen under a 
microscope or a powerful lens to consist of octahedral 
crystals. 


ord 


Reagent. 


187. AgN Os, 
several drops 
are added to 
a solution of 
As,O, in water. 


For this reaction 
AseO3 = dissolved 
in boiling water is 
employed, because 

| HCl would yield 
a precipitate of 
meer: 


188. CuSO, 
several drops : 


189. 
two 
then 
added: 


CuSO, 
drops: 


KHO 


190. Amt, 
AmHO, and 
MgS0,: 


= the AgsAsOg 
HNOs, in which AggAs 
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Arsenious compound. 
Use Aso03 dissolved in HCl 
except for (187). 


Light-yellow precipitate 
(Ag, HAsO, or Ags AsOs): 
this precipitate forms only 
on adding carefully, drop 
by drop, a little dilute 
AmHO:! show that it is 
dissolved by AmHO and 
by HNO;. It is also 
appreciably soluble in 
AmNO;: hence, if too 
much AmHO has been 
added,the precipitate does 
not always form on neu- 
tralizing with HNO. 
Yellowish-green precipitate 
(Cu”HAsQs) : this precip- 
itate forms only on adding 
dilute AmHO carefully, 
drop by drop:? show 
that it is soluble in 
AmHO and in HNO. 
The above yellowish-green 
precipitate is first pro- 
duced, but on addition of 
more KHO this dissolves 
to a clear blue liquid, 
which on being boiled 
deposits red Cu,O. 
No precipitate. 
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B. DISTINCTIVE TESTS FOR ARSENJOUS AND ARSENIC COMPOUNDS. 


Arsenic compound, 
Use NAoH AsO,.12H20 
dissolved in H,0O. 


Brown precipitate 
(AggAsQ,): show 
that it is soluble 
in AmHO and in 
HNO: 


BN i Ao precipitate 
(CuH AsOQ,): soluble 
in AmHO and in 
HNO. 


No clear blue solution 
is obtained, and no 
Cu,O is produced on 
boiling the liquid. 


White crystalline pre- 
cipitate( MgAmAsO,): 
if filtered off and 
moistened with 
AgNO; solution on 
the filter it becomes 


brown. 


* AsoOs when dissolved in water yields H3AsO3, which cannot give with 
ak blrar because this decomposition would liberate 

2 is soluble; hence the addition of AmHO is necessary 
to neutralize the free acid ; but since the precipitate is also soluble in AmHO, the 
latter must be added carefully in only just sufficient quantity to neutralize the 
acid. This is best effected by using some very dilute AmHO, made by pouring 
a few drops into a test-tube, filling the tube two-thirds with distilled water, then 
closing it with the thumb, and inverting it fora moment. The dilute AmHO is 
to be added drop by drop, shaking or stirring the test solution after each addi- 
tion until the precipitate is obtained. 

® The precipitate produced by CuSQ, is soluble in acids, hence the HCl present 
in the solution must be neutralized by careful addition of AmHO before the 
precipitate will appear, 
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Antimony (Sb).—Use SbCl,, or 2K SbOT.H,O “ Tar- 
tar emetic,” dissolved in dilute HCl. 

Antimonie compounds give results ultimately identical with anti- 
monious in the following eight reactions, except in (192). After 
these reactions, which are common to Sb in both its sets of compounds, 
are given two which are distinctive; they are, however, rarely used 
and may be neglected by the student. 

191. H,S: orange-red precipitate (Sb,S,): pour into 
two tubes and show that the precipitate is dissolved when 
warmed with pure NaHO or with Am, but is repre- 
cipitated from these solutions on addition of HCl in 
excess. 

192. If poured into much water, SbCl, solution yields 
a white precipitate or turbidity (SbOCI) ; this precipitate 
redissolves on adding HCl and warming, and is also 
readily soluble in H,T; in this latter respect it differs 
from the similarly formed BiOCl precipitate (156). 

193. If a few drops of acid SbCl, solution be poured 
upon a piece of platinum foil,’ and a piece of Zn be 
dropped into it, a black deposit of Sb will rapidly form on 
the foil. If the foil be rinsed with water, and then boiled 
with HCl, the stain remains undissolved, but it is rapidly 
removed by boiling HNQO,,. 


TESTS DEPENDING ON THE FORMATION OF SbH,: 


SbHs differs from AsHs in not being poisonous, and in being free 
from smell. ‘ 


194. If SbH, gas, formed by the action of acid SbCl, 


solution on Zn, is passed into AgNO, solution in a pre- 
cisely similar way to that described for AsH, (181), a 
black precipitate (SbAg,) forms: 

SbH, + 3AgNO; = SbAg, + 3HNO,,. 


This precipitate is to be filtered off, and the filtrate, 
which will contain no Sb, rejected. Wash the precip- 
itate four or five times with boiling water upon the filter ; 


then pour upon it boiling dilute H,T solution, which will 
1 A slip of platinum foil laid in a watch-glass or porcelain dish, or 


with turned-up edges, may be employed ; the inverted lid of a plati- 
num crucible is very convenient for this purpose. 


| 
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dissolve the Sb, and receive the liquid in a test-tube; 
boil it, and pour it once more upon the filter; add HCl 
to the liquid, filter if necessary, and pass HS into it; 
orange-red Sb,S, will be precipitated. 

195. A stain produced by Sb on porcelain, in the 
manner already described (182), differs from the As stain 
in presenting a dead surface and in being insoluble in 
Na,Cl,O ; also when the stain is dissolved by warming 
with Am,S, the solution if gently evaporated leaves 
orange-red Sb,S,. 

196. The Sb mirror, obtained as described in (183), 
differs from the As mirror by being formed much nearer 
to the flame, and on both sides of the heated part of the 
tube; it may further be distinguished by the tests given 
in (195). This mirror, after oxidation, is also insoluble 
in boiling water; and if dissolved in a little boiling HCl 
the solution gives an orange-red precipitate (Sb,S,) when 
HS is passed into it, whereas the As,O, solution gives 
yellow As,S,. 


196 a. SbH; if allowed to act on filter-paper moistened with 
HgCl, solution as described in 183 a for AsHs, yields a grayish-brown 
stain. 

197. Boiled with Zn or Al and KHO, no SbH;is evolved. [Dif- 
ference from As (184.)] 


198. If a little solid KSbOT or Sb,O,, or any sub- 
stance containing Sb, be mixed in a cavity on wood char- 
coal with Na,CO, and KCy, and the mixture be heated 
in the inner blowpipe flame, a white incrustation forms 
on the charcoal, and white globules of metallic Sb are 
obtained which are extremely brittle. The flame is col- 
ored pale green. If the melted Sb be allowed to stand 
aside on the charcoal the globule emits a white smoke, 
and coats itself with sharp white crystals of the oxide. 


The two distinctive tests (199, 200) for antimonious 
and antimonic compounds given in the following table 
are seldom used ; they may be read through without try- 
ing the reactions, and may be referred to hereafter if re- 
quired for analytical purposes. 


12 
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DISTINCTIVE TESTS FOR ANTIMONJOUS AND ANTIMONIC 
COMPOUNDS. 


Antimonie. 

(Use KySbg0, solution, ob- 
tained by boiling some 
“Potassium metantimo- 
nate” with H,0.) 


Antimonious. 
(Use the above solution of 


Reagent. 
SbCl, in dilute HCI.) 


A dark-colored precipitate 
which when shaken after} dissolves entirely on ad- 
addition of AmHO leaves] dition of AmHO. 

black Ag,O undissolved. be 


Todine is liberated, giving a 
brown color to the liquid 


199. Add excess 
of KHO, then 
AgNOs solution. 


A brown precipitate,which 


No iodine is set free; proved 
by the liquid not turning 
brown and giving no color 
after being cooled and 
mixed with freshly pre- 
pared starch solution. 


200, Add excess of 

HCl and warm; 
then pour in a 
little KI solu- 
tion: 


and yielding a deep-blue 
color when starch solu- 
tion is added to the cold 
liquid. 


Trn (Sn).—Stannosum and Stannicum, 


DiIsTINCTIVE REACTIONS FOR STANNOUS AND STANNIC 
COMPOUNDS. 


Stannous Compounds. 
Use SnClo.2H.0 dissolved in 
‘ dilute HCh. 


Stannic Compounds. 


Test. Use SnCl, in dilute HCl. 


Yellow precipitate 


201. Pass H,S: | Dark-brown precipitate 
(Sn8,), often form- 


(Sn8): pour off two por- 


203. AuCl,: 
added after a 
few drops of 
SnCl, solution 
or of Cl water: 


tions and show that the 
precipitate is soluble in 
KHO and in yellow Am,S 
on heating ; and is precip- 
itated again by HCl, 
from the KHO solution 
as brown Sn8, from the 
Am,S solution as yellow 
SnS,. SnS differs from 
Sn8S, in being insoluble 
in colorless Am,S, which 
readily dissolves Sn&,. 


; 
202. HgCl,: | Awhiteprecipitate (Hg,Cl,): 


turns gray on being boiled 
if the SnCl, is in excess 
(145). 


Purple or dark-brown pre- 


cipitate, “ Purple of Cas- 
sius.” 


ing only when the 
liquid is heated; 
pour off portions and 
show that the pre- 
cipitate is soluble in 
Am S (both yellow 
and colorless) and 
in KHO on heating, 
and is precipitated 

ain by HCl as 
yellow SnS, from 
both solutions. 
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Reactions common to Stannous and Stannie Compounds. 


204. Zn in presence of HCl precipitates from Sn so- 
lutions a spongy mass of Sn; the Zn and solution should 
‘be allowed to stand together for some time in a small 
porcelain dish; the action is much hastened by gentle 
heat. If this test is done on platinum foil the Sn is de- 
posited in a spongy state on the Zn and does not stain the 
Pt (difference from Sb). SnCl, is not so readily acted 
upon by Zn as SnCl, is; from SnCl, the Sn is often pre- 
cipitated in beautiful crystals. 

205. A solid Sn-compound, SnCl, or SnO,, mixed with 
powdered Na,CO, and KCy, and heated on charcoal in 
the inner blowpipe flame, gives a slight white incrusta- 
tion and white particles of metallic Sn, which are with 
difficulty fused into globules. The globules of Sn differ 
from those of Pb by not marking paper (153). 


140 GROUP IIB.—DIFFERENCES. [206, 207. 


206. Group II s.—TABsie or DIFFERENCES. 


The following tests answer for these elements in both sets of com- 
pounds ; for distinctive tests see the preceding reactions. 


—— 
Tests. As. 


a. For liquids. 


1. Pass H.S into} Yellow  precipi-| Orange-red pre- SnS — Brown 
the solution tate, insoluble cipitate, soluble precipitate. 
acidified with in boiling | in boiling SnS, — Yellow 
HC! and heat; strong HCl. strong HCl. precipitate. 


if no precipi- 


Both soluble in 


- tate forms, heat boiling strong 
to boiling, and HCl, 
again pass H.S: 


2. Zn and HCl: AsH, gas is| SbH, gas is| Sn is deposited on 
evolved, which evolved, which the Zn strips. 
if passed into if passed into 
AgNOssolution AgNO, solution 
gives a black gives a precipi- 
precipitate of tate of AgsSb, 
Ag, H3AsO3 be- from which hot 


ing leftin solu- H.t solution 

tion; on adding dissolves Sb: 

dilute AmHO H,S gives in 

to this solution | this “solution 

yellow AgsAsOs| after adding 

precipitates, HCI orange-red. 

Sb,83. 
8. Zn and HCl on | AsH, evolved, no | Black stain of Sb| Sn deposited on 
platinum: stain on the plat- on the platinum. the zine, no 
inum. stain on the plat- 
inum. 


\ 


b. For solids . 


4. Heated with | No metallic glob-| Britile 
NasCO3 and ules; smell of 
KCy on char- garlic, 
coal in the in- 
ner blowpipe 
flame: 


metallic | Malleable metallic 
lobules, white globules, white 
incrustation, incrustation. 


5. Heated with | Black mirrorand 
solid NasCO, smell of garlic, 
and KCy in a 
bulb-tube: 


The detection of any one member of this group is sim- 
ple; the color of the precipitate with H,S, confirmed by 
special tests, is quite sufficient to identify it with ease. 

207. (s) Many methods have been proposed for the sep- 
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aration and detection of As, Sb, and Sn, when mixed ; two 
of the most trustworthy are those introduced by Hof- 
mann (208) and by Fresenius (210); a method more 
simple, though less trustworthy, is given in (209). 

208. (s) Hofmann’s method consists in pouring the 
solution into a flask in which H is being generated by 
the action of HCl upon Zn; Sn remains as a spongy 
mass on the Zn, As and Sb are evolved as AsH, and 
SbH,; these gases, if passed into AgNO, solution, yield 
soluble H,AsO, and insoluble Ag,Sb, which are separated 
by filtration ; the three members of this group thus sep- 
arated are then detected by special tests. 

As, Sb, Sn, occurring together in a solution, are tested 
for by precipitating them with H,S, filtering, and testing 
the filtrate by passing H,S through it as was directed for 
precipitating Group Il a. The precipitate is then ex- 
amined by Table II (435 6, Arsenic Group), using only 
the right-hand side of the table. 

The H,5S precipitate may also be examined by the sim- 
pler method given in (209), or by the very accurate, but 
less simple method, in (210). 

209. (s) The following method of examining a pre- 
cipitate produced by HS for As, Sb, Sn is recommended 
by its comparative simplicity ; it is sufficiently accurate 
for ordinary analyses where traces of these metals have 
not to be looked for. It depends upon the insolubility 
of As,S, in hot strong HCl, in which Sn, SnS,, and 
Sb,8, are soluble; the further separation of Sb and Sn 
is effected either by adding Zn alone to the acid solution, 
when Sb is evolved as SbH, and Sn is deposited upon 
_the Zn, or by adding Zn and Pt, when Sn is deposited on 
the Zn and Sb on the Pt. 

The precipitate produced by H,S is filtered off and al- 
lowed to drain for some time upon the filter in the funnel ; 
it is best to drain it still further by carefully taking the 
filter out of the funnel, opening it out, and spreading it 
upon a piece of filter-paper folded several times upon 
itself; the precipitate is then removed toa small porcelain 
dish and heated for some time nearly to boiling with 
strong fuming HCl; the liquid is cooled and filtered: 
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The residue 
consist chiefly of 
As.§3, which is 
almost insoluble 
in strong HCl. 

Dry the washed re- 
sidue on the filter 
at a gentle heat, 
then mix it with 
three or four times 
as much powdered 
KCy and Na,CO,, 
and heat the mix- 
ture in a small 
bulb-tube, remoy- 
ing any drops of 
water inside the 
tube by a twisted 
piece of  filter- 
paper; a_ black 
mirror (185): 
Presence of As. 
Note-—The As,S, 

may also be dis- 

solved by heating 
with a little fuming 

HNO;. The excess 

of HNOs is boiled 

off and As detected 
as H,AsO, by add- 
ing AmCl excess of 

AmHO and MgSO,; 

or by addition of 

AgNOs, and then 

cautiously neutral- 

izing with AmHO. 


(210. 


will | The filtrate may be examined for Sb and Sn by 


either I or II below: 


I. Place a piece of platinum foil ina porcelain 


dish and pour the acid filtrate upon it, then 
touch the foil with a piece of Zn; H will 
come off with effervescence, and if either at 
once or after a few minutes a black stain ap- 
pears upon the platinum, the presence of Sb~ 
is indicated.} 

The platinum foil is removed and pieces of 
Zn are placed in the liquid; as soon as the 
bubbles of H cease to be given off, Zn still re- 
maining undissolved, remove the pieces of 
Zn, rubbing and rinsing any dark deposit 
back into the dish; let this deposit settle, de- 
cant the liquid and heat the solid deposit 
with strong HCl for several minutes in a test- 
tube, dilute with a little water, filter if neces- 
sary, and add to the solution a few drops of 
HgCl, solution; a white or gray precipitate 
(204, 202) indicates the presence of Sn. 


II. The acid filtrate is poured into a little hy- 


drogen flask (Fig. 34, p. 132), in which H has 
been coming off briskly for about five min- 
utes, being produced by the action of a little 
strong HCl upon some pieces of Zn. The H 
is lighted at the jet, and the inside of a small 
porcelain dish or crucible lid pressed down 
upon the flame; a black stain not dissolved by 
hot Na,Cl,O solution shows the presence of Sb. 
The residue in the flask is tested for Sn, 
as directed in the latter part of I (above). 


210. (s) The following method of detecting As, Sb, 


Sn, described by Fresenius, is very delicate and trust- 
worthy. It depends upon the fact that fusion with 
Na,CO, and NaNO, converts As,S, into soluble Na, 
HAsO,, Sb,S, into insoluble Na,H,Sb,O,, and Sn8, into | 
insoluble Sn or SnQ,. 

The precipitated sulphides are dried on the filter and 


1 The Sb thus deposited on the Pt may, after rinsing the foil, be 
dissolved by heating the Pt in a‘test-tube with a little very dilute 
HNO,; on cooling, diluting, and passing H,S, an orange-red pre- 
cipitate will form, confirming the presence of Sd. 
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211.) 
the precipitate’ mixed well on a watch-glass or in an 
agate-mortar with equal weights of powdered Na,CO, 
and NaNO, ; this powder is dropped in small quantities 
at a time into some NaNO, kept melted in a small por- 
celain crucible over a Bunsen flame. When the powder 
has all been added the crucible is heated sufficiently to 
keep the substance melted for a few minutes, and the 
melted mass is then poured into a small dry porcelain 
dish ; as soon as the substance has cooled cold water is 
poured upon it in the dish and also upon the residue ad- 
hering to the inside of the crucible, and the solid sub- 
stance is allowed to soak for some time, with occasional 
stirring, crushing it by pressure with a pestle if it does 
not easily fall to pieces; it is then filtered: 


The residue is washed on the filter with a mix-| Filtrate: HNO, is 
ture of equal measures of water and alcohol,| added until the 
to prevent solution of the Na,H,Sb,0,, the} solution is just 
washings are rejected. The precipitate is| acid after being 
then rinsed into a small porcelain dish, using| boiled, then 
as little water as possible; a few drops of| AgNO, solution 


strong HCl are added and the dish is heated, 
more HCl being added, if necessary, to make 

_ the liquid acid to litmus-paper. Whether the 
residue has dissolved or not, place in the liquid 
a piece of clean platinum foil, and upon the 
foil a piece of pure Zn. If a black stain forms 
after a time upon the platinum, it proves the 
presence of Sb.2 When the Zn ceases to be 
acted upon, Sn if present will remain as a 
spongy eposit. This is to be washed by de- 
cantation, dissolved by boiling with HCl in a 
test-tube, and HgCl, added immediately to 
the solution; a white precipitate (202) shows 
the presence of Sn 
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is poured in as 
long as it causes 
any precipitate, 
and very dilute 
AmHO is added 
little by little# 
A brown precipi- 
tate, readily dis- 
solving in excess 
of AmHO, shows 
the presence of As. 


211. This group includes Pb, Ag, Hg’ (Mercurosum) ; 
its members differ from those of all the other analytical 


1 Tf the quantity of the precipitate is very small the part of the 
paper containing the precipitate is cut up into small pieces and 


treated as the precipitate. 
? See the footnote on p. 142. 


8 Instead of mixing dilute AmHO with the liquid, it may be care- 
fully poured upon the top of the liquid; a brown color is then seen 


at the surface of contact. 
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groups by being precipitated as chlorides by HCl: since, 
however, PbCl, is rather soluble in water, Pb is not en- 
tirely precipitated by HCl, and is usually found also in 
Group II a as PbS. 


Leap (Pb).—Reactions already given in Group II a 
(149-153). 


SrLveER (Ag).—Use AgNO, solution. 

212. HCl: white precipitate (AgCl), becomes curdy 
on being shaken or heated: pour off into four tubes; filter 
one, wash the precipitate and let it stand for some time 
exposed to sunlight or common daylight, it will become 
blackish-purple ; show with the other portions that AgCl 
dissolves readily when heated with AmHO or with KCy 
solution, and is precipitated again from these solutions 
on adding HNO, in excess; also that it is insoluble in 
HNO, even on boiling. 

213. H,S or Am,S: black precipitate (Ag,S), insoluble in Am,S 
or K HO, soluble in boiling dilute HNOs. 

214. KHO: brown precipitate (AgHO), insoluble in excess. 

215. AmHO: light-colored precipitate, produced only 
when very dilute AmHO is added drop by drop, easily 
soluble in excess of AmHO. - ; 

216. A mixture of a solid Ag-compound and powdered Na,CO, 


heated on charcoal, gives white malleable globules or scales of Ag 
and no incrustation. 


- Mercurosum (Hg’).—Use Hg’,(NO,),.H,O dissolved 
in dilute HNO,. 

Reactions (145, 146, 147, and 148) given under Mercuricum (Hg’’) 
yield precisely similar results with Mercurosum (Hg’), and may be 
repeated with Hg’,(NO,), solution. 

In reaction (146), however, it is not necessary to add acid, since 
the Hg’,(NOs). solution is already acid. 


217. HCI: a white precipitate (Hg’,Cl,), insoluble in 
dilute acids unless warmed with both HCl and HNO,, 
which convert it into soluble Hg’’Cl,: becomes black when 
AmHO is poured upon it, but does not dissolve. . 


218-221.) 
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218. AmHO or KHO: black precipitate, insoluble in 


excess. 


219. H,S: black precipitate (Hg’,S): this precipitate, like Hg’’S 
(144), is insoluble in Am,§, in hot strong HCl, and in hot strong 
HNO,, but is easily dissolved when heated with a mixture of HNOs 


and HCl. 
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Tests. 


a. For liquids. 
1. Add HCI: 


2. Add AmHO: 


3. Add K,Cr0,: 


b. For solids. 


4. Fused with 
Na,CO3 on char- 
coalin the inner 


5. Heated in a 
bulb-tube mixed 
with Na,CO3: 


blowpipe flame: || 


Pb. 


White precipitate 

soluble in boiling 
water; AmHO 
neither dissolves 
the precipitate 
nor changes ils 
color, 


White precipitate, 
insoluble in ex- 
cess. 


Bright-yellow pre- 
cipitate. 


Ag. 


White curdy pre- 


cipitate, insolu- 
ble in boiling 
water, easily 
soluble in warm 
AmHO,  repre- 
cipitated from 


this solution by 
adding HNO, in 
excess. 


Brown precipitate, 
readily soluble 
in excess, 


Chocolate-red pre- 
cipitate. 


Hg’. 


White precipitate 
insoluble in boiling 
water, and insolu- 
ble in AmHO. but 
blackened by it. 


Black precipitate, 
insoluble in ex- 
cess. 


Scarlet-red precip- 
itate. 


White malleable 
globules of metal 
which mark pa- 
per; yellow in- 
crustation on the 
charcoal. 


White malleable 
globules or scales 
which do not 
mark paper; no 
incrustation. 


No metallic glob- 
ules. 


Gray _sublimate, 
consisting of 
globules of me- 
tallie mercury. 


By the above differences any one member of this group 
is readily distinguished. 
221. (s) The separation and detection of Pb, Ag, and 
Fg’, when mixed, depend upon : 
Ist. The solubility of PbCl, in boiling water, in which 
AgCl and Hg’,Cl, are insoluble. 
2d. The solubility of AgCl in AmHO, in which 
Hg’,Cl, is insoluble. 
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The presence of each member, when thus separated, is 
then confirmed by one of its special tests. 

222. (s) A solution which is to be examined for-Pb, 
Ag, Hg’, is precipitated by HCl added in excess, then 
filtered, and the clear filtrate is tested with more HCl to 
ascertain that no further precipitate is produced. The 
precipitate is then examined by Table I (433). 


The foregoing reactions only include those for the metals of com- 
mon occurrence. For information concerning the detection and sep- 
aration of the rarer metals, which will only be required by a some- 
what advanced student, the appendix must be consulted. The metals 
gold and platinum, however, are briefly noticed here on account of 
their frequent employment for chemical and other purposes. These 
two metals are dissolved only by a mixture,of HCl and HNO;: their 
most important reactions are given below. " 


Gop (Au).—Use AuCl, solution. 
Gold solutions are usually bright yellow in color. 


223. SnCl, containing a little SnCl,: purple or dark-brown pre- 
cipitate (“ Purple of Cassius”), best seen by performing the experi- 
ment in a white porcelain dish. 

224. FeSO, produces either at once, or on heating the.solution, a 
very finely divided precipitate of Au: the liquid usually appears 
bluish by transmitted light ; always copper-red by reflected light: 


2AuCl, + 6FeSO, = 2Au + 2Fe,(SO,)3 + Fe,Cly. 


224 a. HySO; produces on boiling a similar precipitate of Au: by 
boiling the liquid for some time in a porcelain dish, the Au settle: 
in small black masses, and the solution loses its color. 


Puatinum (Pt).—Use PtCl, solution. 


225. AmCl added to a strong solution produces on standing for 
some time, or more quickly on being stirred, a yellow precipitate 
(Am,PtCl,): rather soluble in hot water. 

226. SnCl, gives a reddish-brown color in the solution acidified 
with HCl, owing to the formation of PtCl,: 


The method of separating and detecting Au and Pt is fully stated 
in -paragraphs 472-474. ; 
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*,* Note—Before commencing the reactions for acid-radicles the 
student may with advantage analyze several substances which are lia- 
ble to contain any one or more of the members of the metallic groups. 
If only one metal has to be looked for (see column 1, paragraph 539), 
the directions given in paragraphs (330-369) may be followed, omit- 
ting those portions which relate to the detection of acid-radicles. If 
two or more metals may be present (see columns 2, 3, paragraph 539), 
full directions for ascertaining to which analytical group or groups 
they belong will be found in the General Table (419); and the group 
precipitate or precipitates thus obtained may be then examined by 
the group tables (433-439), with which the student will probably al- 
ready be familiar. 


REACTIONS FOR ACID-RADICLES. 


In the course of ayalysis acid-radicles are usually de- 
tected by special tests; they cannot advantageously be 
precipitated in groups and the members of each group 
then separated and identified, as is done in the case of 
metals. Accordingly the arrangement here adopted con- 
sists in simply placing together ina group such acid-rad- 
icles as in some respects resemble one another in their reac- 
tions, and at the end of each group stating upon what 
differences the detection of its members when occurring 
together depends. 

The reactions for acid-radicles are worked through in 
a manner similar to that employed for the reactions of 
the metals,—a compound (usually a salt) containing the 
radicle being employed. At the end of each group the 
student may with advantage detect one or more of its 
members, as was done with the metals. 


GROUP 1.—SULPHATE GROUP. 


Sulphates are the only commonly occurring salts which 
give with BaCl, a precipitate insoluble in boiling HCl. 
Fluosilicates resemble sulphates in this respect, but differ 
in so many other reactions that they are considered here- 
after (299-302) in connection with fluorides and silicates, 
to which they are more closely related. 
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SuLpHAtes (—/’SO,).—Use Na,SO,.10H,O. 
227. BaCl, or Ba(NO,),: white precipitate (BaSO,), 
insoluble when boiled with dilute HCl or HNO,, 


Tf BaClz or Ba(NOs)2 be added to a solution containing much strong 
HCl or HNOs, a white precipitate may be produced consisting of 
BaCle or Ba(NOs)2, which however is readily distinguished from the 
precipitate of BaSOx by being dissolved when boiled with water. 


Sr(NO,), and Pb(NO,), give also white precipitates 
(SrSO, and PbSO,). 

228. Blowpipe Test.—Solid Na,SO,.10H,0 or any solid 
sulphate, if mixed with solid Na,CO,' and fused on 
charcoal in the inner blowpipe flame produced from a 
spirit flame, yields NaS: 


Na,SO, + 4C = NaS + 400. 


The Na,S is readily detected by detaching the solid mass, 
after it has cooled, from the charcoal with the point of a 
knife; placing a portion of it upon a bright silver coin, 
then moistening it with a drop of water and crushing it 
by pressure with a knife-blade. After the moistened 
mass has remained upon the coin for a short time rinse 
it off, a black stain will then be seen upon the silver 
where the substance had rested (231). 

Another portion of the cool mass may be moistened 
with a drop of HCl, when the fetid smell of H,S will be 


observed, and a piece of paper moistened with PbA, solu- 
tion and held above it, will be blackened (230). 


This test for a sulphate is reliable only when it is known that sul- 
phur in no other form is present in the substance to be tested ; it is 
also necessary that no sulphur should be introduced in the NagCOsg, 
or by the flame. Now coal-gas sometimes contains sufficient sulphur 
to give the above reaction with pure NazCOs, hence it is always ad- 
visable to employ a spirit rather than a gas-flame. 


Hydrogen sulphate, or sulphuric acid (H,SO,), may be 
detected by producing black charred stains on paper 
which has been dipped into it and dried by heat; it also 
has a strong acid reaction to litmus, and evolves hydro- 


' Addition of Na2BsO; is useful in preventing the fused mixture 
from sinking into the charcoal. 
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gen with Zn, properties shown however by some metallic 
and acid sulphates. 


GROUP II.—THE CARBONATE GROUP. 


The five following classes of salts give off characteris- 
tic gases when acted upon by HCl. 

* * The systematic tables of differences, such as are 
given for each group of the metals, are not drawn out 
for the acid-radicle groups; the student should have no 
difficulty in constructing such tables for himself, either 
mentally or on paper, by looking through the reactions. 


CarponatTes (—’’CO,).—Use Na,CO,, or white marble 
(CaCO,). 


229. HCl or HA or almost any other acid, if poured 
upon some Na,CO, in a test-tube, causes carbon-dioxide 
gas (CO,) to come off with effervescence ; this gas is rec- 
ognized by its property of turning lime- or baryta-water 
milky by the production in them of insoluble CaCO, or 
BaCO,. 

The test may be tried in several ways: 

1. The acid is poured upon the carbonate in a test- 
tube. A glass rod which has been dipped into some per- 
fectly clear lime-water' and has a small drop adhering to 
its end is then introduced into the test-tube, carefully 
avoiding touching the liquid or the sides of the tube ; 
the drop will quickly become milky. 

2. The acid is poured upon the Na,CO, ina small 
beaker, and this is immediately covered with a watch- 
glass placed with its convex face downwards, having a 
drop of clear lime-water' adhering to the middle of the 
face; the drop becomes milky. 

3. Since CO, gas is much heavier than air, on adding 
acid the gas evolved from the carbonate will remain in 
the test-tube if the tube is held erect and its mouth loosely 


 Baryta-water gives a much more decided result than lime-water. 
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closed with the thumb; by gradually sloping the tube 
the heavy gas is poured into another test-tube containing 
lime-water’ without allowing any liquid to flow out ; on 
closing this tube with the thumb and well shaking it 
the lime-water will become milky ; or if the inside of the 
tube has been rinsed with lime-water the sides become 
white. 

4. The CO,, if it is given off in considerable quantity, 
may also be made to pass into some 
lime-water through a doubly bent tube 
fitted air-tight by a perforated cork 
or india-rubber stopper into the tube 
in which the CO, is generated, as 
shown in the Fig. 37; or the ap- 
paratus shown in Fig. 38 may be em- 
ployed. 

Of the above methods 1 and 3 are the most simple ; 
by method 4 the CO, is not found unless given off in 
somewhat large quantity. 


Fie. 37. Fie. 88. 


The following precautions must be attended to. Since the milki- 
ness at first caused by CO2 disappears gradually when more OO: is 
absorbed, if the lime-water does not at once become milky, it must 
be constantly watched to avoid the risk of its becoming milky and 
again clear before being seen. 

Also if the addition of the first few drops of acid does not cause an 
effervescence of COz more acid should be added, as many carbonates 
retain the first portions of COz by forming acid carbonates : 


NazCOs + CO2-++- H20 = 2NaHCOs. 


A solid substance which is being tested by HCl for COz should be 
first moistened so as to drive out the air-bubbles entangled in it, which, 
in coming off, might make one suspect effervescence of CO2. ; 


Lydrogen carbonate, or carbonic acid (H,CO,), can only 
exist in dilute aqueous solution ; addition of lime-water 
to its solution causes milkiness; but, since other sub- 
stances in solution behave in a similar way, it is best 
found by boiling the liquid and passing the steam with 
the CO, which accompanies it into lime-water; the lime- 
water becomes milky. 


1 Baryta-water gives a much more decided result than lime-water. 


a 
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SutpHrwes (-’/S).—Use FeS for solid, and Am,S 
for liquid. 

230. HCl or H,SO, poured upon asmall fragment of 
FeS causes H,S-gas to come off with effervescence ; this 
gas is detected by its fetid smell, resembling that of rotten 
eggs, and by its property of blackening PbA,-solution 
by the formation of PbS. The gas may be made to act 
upon the PbA,-solution by the methods given for CO, 
(229), or better by placing a piece of filter-paper moist- 
ened with PbA,-solution on the end of a glass rod so 
that one-half of the slip adheres to the glass rod and the 
other hangs free, and holding the rod in the gas asin the 
test for CO, (229, 1). 


This test is made much more delicate if the paper is moistened 


_ with a solution prepared by adding KHO to boiling PbA,-solution 


until the precipitate first formed dissolves; a test-paper thus pre- 
pared becomes intensely blackened by H,S. 


231. Solutions of soluble sulphides, if dropped upon a 


bright silver coin, produce a black stain (Ag,S); this 


may be removed by rubbing the coin with moist lime. 

232. Insoluble sulphides, which give off H,S with 
HCl (e. g., FeS) produce a black stain when placed on a 
silver coin and moistened with a drop of HCl. 

233. PbA,-solution gives with soluble sulphides a 
black precipitate (PbS). The solution produced by add- 
ing KHO in excess to PbA,-solution is more delicate than 
PbA, alone. 

234. Many sulphides (e.g., FeS,, “Iron Pyrites”), 
and also free 8, if strongly heated in a tube open at both 
ends, and held obliquely in the flame, or in the tube 
shown in Fig. 35 (p. 132), give off SO,-gas, recognized 
by its pungent smell and by turning paper moistened 
with K,Cr,O, green. 

235. Reaction (306), given under HCy, may be em- 
ployed also as a very delicate test for soluble sulphides. 
Test (228) for a sulphate, also answers for a sulphide. 

Hydrogen sulphide, or hydrosulphurie acid (HS), in 
aqueous solution, is easily recognized by (231) or (233), 
and, unless the solution is very dilute, also by its smell, 
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and by suspending lead-paper over the liquid: H,S-gas 
is detected by (230). 


Suupuires (—’’SO,).—Use Na,SO,. 

236. HCl, or H,SO,, poured upon Na,SO, and warmed, 
gives off SO,-gas, known by its pungent smell and by 
turning K,Cr,O, solution green; the K,Cr,O, solution 
may be exposed to the gas by the methods described 
under (229), preferably by introducing a glass rod with 
a drop hanging upon its end into the gas; or by moisten- 
ing a small strip of filter-paper with the K,Cr,O, solu- 
tion and making it adhere by one-half of its length to 
the rod (230), the other half hanging freely, and intro- 
ducing it into the gas as in (229, 1). 

237. BaCl,: white precipitate (BaSO,): entirely sol- 
uble in HCl, unless some Na,SO, is present, when BaSO, 
remains undissolved; on adding Cl- or Br-water to the 


HCI solution, BaSO, is formed and precipitated : 


BaSO, + 2HCl = BaCl, + H,SO,. 
BaCl, + H,SO, + H,O + 2Cl = BaSO, + 4HCl. 


238. Na,SO,, added to a mixture of HCl and Zn, 
which is giving off pure H, immediately causes an evo- 
lution of H,S with the H; the H,S is detected by its 
smell, or by blackening a piece of filter-paper moistened 
with solution of PbO in excess of KHO (230). . 

Hydrogen sulphite, or sulphurous acid (H,SO,), can be 
found in aqueous solution by adding a drop of K,Cr,O, 
solution, which will at once become green; SO,-gas is 
found as directed under (236). 


THEIOSULPHATES' ( —/’S,O,).—Use Na,S,O,.5H,O. 

239. HCl or H,SO, causes no immediate change in 
the cold; but the liquid on standing, or on being warmed, 
deposits a precipitate of yellow S, and SO, is given off; 


} Formerly known as hyposulphites. 
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the SO, is recognized by its pungent smell and by chang- 
ing the color of K,Cr,O, solution (236). 

240. Fe,Clg: gives a reddish-violet color, which vanishes after a 
short time, or immediately when heated, the Fe2Cls solution at the 
same time loses its yellow color, owing to the change of FeeCle into 
FeCly. 

240 a. AgNO,: a white precipitate (Ag,S,O,), becom- 
ing black after standing for a short time, or immediately 
upon being heated, owing to the formation of Ag,S: 


AgS,O, + H,O = AgS + HSO, 


The above precipitate (Ag,S,O,) dissolves very readily 
in excess of the Na,S,O, solution, hence it is most easily 
obtained by dropping the latter into some AgNO, solu- 
tion. 

Hydrogen theiosulphate, or theiosulphuric acid (H,S,0,), 
is extremely unstable, rapidly separating into S + H,SO,. 


Hypocutorites (—’C]O).—Use NaClO.NaCl, or 
Na,Cl,O solution. 

Hypochlorites give off a faint smell of Cl in the air if solid or in 
strong solution. 

241. HCl, or H,SO,, or even H,O in the cold, or when 
gently warmed, if much water is present, sets free Cl-gas, 
which may be recognized by its smell, its yellowish color, 
and by bleaching a piece of moistened litmus-paper, which 
is held for a short time in the tube without touching the 
liquid or the sides of the tube. 

A piece of litmus-paper shaken up with the solution, 
without addition of acid, is also bleached, the CO, in the 
air probably liberating the Cl; on addition of a drop of 
any acid the bleaching is very rapid: 

Na,Cl,O + 2HCl = 2Cl + 2NaCl + H,O. 


242. Pb(.NO,),, or PbA, solution, added in large quan- 
tity gives a white precipitate, becoming reddish, and then 
dark brown (PbO,) when boiled for a short time. 

MnCt, likewise gives a dark-brown precipitate on 
heating. 

13 
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Hydrogen hypochlorite, or hypochlorous acid (FLCIO), 
is a yellow liquid with sweetish smell, which if strong is 
very unstable; it bleaches litmus, and evolves Cl when 
warmed with HCl. Cl,O-gas is of a deep yellowish- 
green color, and has an irritating smell ; it dissolves easily 
in water to form the above acid. 


Nirrires (~’NO,).—Use KNO,,. 

243. Warmed with dilute H 280,, reddish-brown 

“nitrous fumes,” with a characteristic smell, are given 
off; they are best seen by looking down the tube at some 
white object. 

244. If cold FeSO, solution is added to K NO, solu- 
tion it becomes brown ; on adding cold dilute H,SO, the 
color becomes much more intense: it is produced by the 
combination of NO with FeSO, ; this color is destroyed 
by boiling, red fumes being given off (243). 

245, If solution of KI and several drops of starch 
solution (par. 526, remark 35) are added to K NO, solu- 


tion, and the Haid is then made acid with HA, an in- 
tense blue color will be produced, owing to the combina- 
tion of iodine, set free by the HNO,, with the starch ; 
the experiment is best done in a white porcelain dish, the 
liquid, which often appears black at first, being diluted, 
if necessary, till its blue color becomes visible. This is 
a most delicate test, and is rather characteristic if the 
color is not produced till the HA is added. 

Hydrogen nitrite, or nitrous acid (HNO,) is extremely 
unstable, decomposing into HNO,, NO, and H,O 

*,* The student will have no difficulty in detecting 
any ‘one of the above acid-radicles occurring singly in a 
liquid or solid: warming with HCl will usually indicate 
which of them is present, and its presence may then be 
confirmed by a second test. 

246. (s) Most of the acids formed by the salts of Group 
IT on addition of HCl, react upon one another ; e.g., HClO 
destroys HNO,, H,S, and H,SO,; and H,S destroys 
H,SO,. The analyst may often by skilful use of the 
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above reactions detect these acids when mixed, but their 
detection in certain mixtures is a problem only soluble 
by careful consideration, and not unfrequently insoluble. 

SO,, if evolved, may be detected by K,Cr,O, paper ; 
H,S by PbA, paper; Cl by bleaching moist litmus- 
paper; N,O, by its brown color. But CO, can only be 
detected in presence of much SO, by passing the gases 
through hot K,Cr,O, solution, which absorbs SO,,CO, 
passing on and being detected by lime-water. 


GROUP III.—NITRATE GROUP. 


The two classes of salts which follow resemble one 
another in many respects, more particularly in the fact 
that no member of them is insoluble in water; hence no 
method of precipitating them is known. 


Nirrates (—’NO,).—Use KNO,. 

247. Add to some K NO, solution contained in a rather 
broad test-tube about an equal bulk of strong H,SO,; cool 
the liquid by letting a stream of cold water run upon the 
tube from the tap; then hold the tube in a slanting posi- 
tion, and pour some strong cold FeSO, solution in a gentle 
stream down the inside of the tube. If this solution is 
poured in with proper care it will form a distinct layer 
resting on the surface of the acid liquid, and at the sur- 
face of contact of the two layers a dark-brown film or ring 
will appear, sometimes extending upwards towards the 
surface of the liquid. The color is most easily seen by 
holding a piece of filter-paper between the tube and a 
bright flame or window, and looking through the tube at 
the light. A mere yellow color is often produced in the 
absence of a nitrate and may be disregarded. 

The test is made more delicate by letting the tube 
stand in a small beaker of cold water for a few minutes, 
since heat prevents or destroys the brown color. If much 
nitric acid is present, on mixing the acid and FeSO, 
solution by shaking, the brown color extends upwards, 
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until by the heat evolved by dilution of the acid the NO 
is expelled, forming brown fumes in the test-tube, and 
the liquid loses its dark-brown color (244). 

248. Place some small scraps of Cu in some KNO, 
solution, and add strong H,SO,; brown nitrous fumes 
appear at once or on warming the tube; they are best 
seen, if small in quantity, by looking down the tube at a 
white surface. ‘The liquid at the same time becomes 
blue from the presence in it of Cu(NO,), : 


8HNO, + 3Cu = 2NO + 3CuN,O, + 4H,0. 


NO is itself a colorless gas, but yields on mixture with 
air N,O, and N,O, which are reddish-brown. 

249. Ifsome cold dilute indigo solution be poured into — 
cold KNO, solution until it is decidedly blue, and then 
H,SO, be added, the blue color remains unchanged (dif- 
ference from chlorates). 

250. If any solid nitrate be fused for some time at a 
red heat with fusion mixture on platinum foil, oxygen 
gas is given off slowly with effervescence’ and KNO, is 
formed ; if the foil, after cooling, be boiled in water, a 
portion of the solution may be proved to contain KNO, — 
by the test in paragraph (245) ; another portion, if acidi- — 


fied with HNO,, will be found to give no precipitate with — 


AgNO, (difference from chlorates). 

A solution of a nitrate may also be reduced to nitrate 
by nascent H. Add toa little K NO, solution some dilute 
H,SO, and starch paste with KI; no color will be pro- 
duced, but on dropping in a fragment of Zn a deep-blue 
color is seen (245). 

251. Solid K.NO, fused on charcoal in the blowpipe 
flame “deflagrates,” that is to say, the surface of the 
charcoal burns rapidly like gunpowder. 

251 a. Many metallic nitrates [e. g., Pb(NO,).] when heated in a 


glass tube closed at one end, evolve reddish-brown fumes with a 
characteristic smell (N,O,) and oxygen—PbN,O, = N,O, + O+ PbO. 4 


‘ If this experiment is performed in a small hard-glass tube as 
described in (254), the oxygen can rarely be detected, since it is 
evolved very slowly ; hence the student may perform the ignition on 
platinum foil and neglect the test for oxygen. 
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The fumes are recognized by their color and smell, the O by its in- 
flaming a glowing splinter of wood. 

Hydrogen nitrate, or nitric acid (HNO,), has a strong 
acid reaction; it gives with FeSO, solution a brown ring 
_ (247), and with Cu brown fumes (248) without addition 
of H,SO, Evaporated with quill-clippings, it stains 
them bright yellow. 


CHLORATES (—’CIO,).— Use KCIO,. 

252. If to a cold solution of KCIO, some cold dilute 
_ indigo solution be added drop by drop till the liquid is 
_ colored faintly but distinctly blue, then some H,SO, or 
_ NaHSO, be poured in and the mixture shaken, the blue 
color of the indigo is at once destroyed (difference from 
nitrates). 

 ~+=258. Strong H,SO, poured upon a little solid KCIO, 
_ becomes orange-red in color, and evolves when shaken a 
__ bright-yellow gas (CI,O,) : 


3KCIO, + H,SO, — Cl,0, + KCIO, + K,SO,+ H,0. 


 Thisgas hasa smell somewhat resembling that of chlorine; 
it explodes readily when gently heated, hence on warm- 
_ ing the mixture in the tube crackling sounds or small 
_ explosions will be produced. This experiment may be 
_ dangerous, unless the KCIO, is used in very small quan- 
tity, and heated gently with the mouth of the test-tube 
- turned away from the operator. 

_ 254. AgNO, produces no precipitate with KCIO, solu- 
_ tionif it is freefrom KCl. But if some solid KCIO,' be 
heated in a test-tube, or better in a small ignition-tube 
_ (10), after melting it begins to give off oxygen with 
effervescence ; this gas may be recognized by placing in 
_ the tube a slip of wood with a spark at its end, which is 
_ easily obtained by kindling a match and suddenly blow- 
ing out the flame,—the spark is caused to burst into a 
- flame. If the tube is then allowed to cool and the resi- 


___ } Ifthe chlorate used for this test does not yield a soluble chloride, 
_ fusion mixture must be mixed with it before heating, in order to ob- 
_ tain a soluble chloride in the residue. 
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due dissolved by boiling with some water, a portion of 
the solution will be found to give no reaction for HNO, 
(245); but another portion will give a white precipitate 
(AgCl) with AgNO,, which does not dissolve in HNO, 
even on boiling, but is easily soluble in AmHO (differ- 
ence from a nitrate) ; this precipitate is caused by KCI: 


KO}, = ECL <3, 
255. Blowpipe Test—KCIO, if heated on charcoal in 


the blowpipe flame, causes the charcoal to “ deflagrate.” 

Hydrogen chlorate, or chlorie acid (H.CIO,), is a color- 
less, odorless liquid, which first reddens and then bleaches 
litmus-paper; on being kept for some time it changes into 
O, Cl, HCIO,and H,O; the same change occurs rapidly 
when it is heated. 

256. As will be seen, there is little difficulty in dis- 
tinguishing a nitrate from a chlorate. When present 
together they more or less interfere with one another’s 
reactions ; but they may be detected, in the absence of 
chlorides and nitrites, by heating strongly for a short 
time and testing the residue for nitrite and chloride (250 
and 254), . 


GROUP IV.—CHLORIDE GROUP. 


Chlorides, bromides, and iodides closely resemble one 
another; they are all precipitated by AgNO, from solu- 
tions to which HNO, has been added in excess; in this 
respect they differ from all salts except cyanides, ferro- 
eyanides, and ferricyanides, and these are easily distin- 
guished by other means. 


CHtLoRIDEs (—’Cl).—Use NaCl. 

257. AgNO, added to a little NaCl dissolved in water, 
gives a pure white precipitate (AgCl), which collects into 
curdy masses when heated or shaken, and quickly turns 
violet in sunlight or more slowly in daylight. Decant 
the water; to one portion of the precipitate add HNO, 
and warm, it does not dissolve; to one other portion 
add AmHO, it readily dissolves. Decant the liquid from 
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a portion of the precipitate after shaking and letting the 


precipitate settle, and warm the precipitate with a little 


strong H,SO,, the acid remains colorless and no colored 
vapor is given off. 

258. Solid NaCl warmed with strong H,SO, gives off 
colorless HCl-gas, which is recognized by fuming in the 
air, reddening moistened blue litmus-paper, and making 
a drop of AgNO, solution on the end of a glass rod 
milky. 

259. If solid NaCl be powdered and mixed with finely 
powdered MnO,, then strong H,SO, added, and the mix- 
ture warmed, chlorine gas comes off: 


2NaCl + MnO, + 3H,SO, = 2C] + MnSO,+ 
2NaHSO, + 2H,O. 


This gas is recognized by its property of bleaching a 
piece of moist blue litmus-paper, introduced into the tube 
ona glass rod. The most delicate way of testing is to 
warm the mixture in a small beaker covered with a watch- 
glass which bears on its under surface a piece of moist 
litmus-paper, and let the apparatus stand for some time. 
Moist starch is not colored when held in the air in the 
tube. 


Many samples of commercial MnO, evolve Cl when heated with 
H,SO,; hence the MnO,, unless specially prepared by precipitation, 
must be carefully tested before using it for this reaction; or the 
MnO, and H,SO, may be first boiled together as long as any bleach- _ 
ing action is produced when moist litmus is held in the tube, then 
the substance to be tested is added and Cl again tested for whilst 
heating the mixture. 


260. If an intimate mixture of solid NaCl with three 
or four times as much K,Cr,O, in fine powder be made 
by rubbing the two substances together in a mortar, and 
this mixture be then poured into the tubulated flask 
shown in Fig. 38,’ page 160, and mixed with strong 
H,SO, by pouring in the acid and shaking it round 


’ The test-tube fitted as shown in Fig. 37 is much less suitable. 
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in the flask, on warming the flask reddish-brown vapor — 
(CrO,Cl,) will be evolved : 


4NaCl + K,Cr,O, + 6H,SO, = 2CrO,Cl, + 4NaHSO, + 
2K HSO, + 3H,0. 


Tf the neck of the flask be closed by an india-rubber 
or a glass stopper, and the delivery-tube be made to dip 
into water in a test-tube, the vapor on passing into the 
water will impart to it a reddish-yellow color owing to 
the formation of H,CrO,: 


CrO,Cl, + 2H,O = H,CrO, + 2HCI. 


On adding to this yellow liquid excess of AmHO, the 


color becomes pale yellow; on now adding excess of HA 
the original reddish-yellow color is reproduced, and in 
this liquid the presence of *H,CrO,, and therefore indi- 
rectly that of HCl, may be shown by the formation of a 


yellow precipitate on addition of PbA, solution. 


Since by this method the detection of a chloride depends on the 
formation of H,CrO, in the liquid in the test-tube from the vapor of 
CrO,Cly, great care must be taken that no H,CrO, is introduced into 
that liquid from any other source. Now, since the mixture in the flask 
contains a chromate, the greatest precaution must be taken that none 
of it is allowed to get into the bent delivery-tube, and thence into 
the test-tube. In transferring the powder to the flask, it must be 
poured down the side of the perfectly dry neck opposite to that at 
which the delivery-tube enters; also, whilst heating the mixture it 
must not be allowed to rise or splash into the neck of the flask. If 
these precautions are not taken, and H,CrO, as such is introduced 
into the water in the test-tube, the test is worthless as an indication 
of the presence of a chloride. 

Care must also be taken that the liquid is not sucked back from the 
test-tube into the flask. This is prevented by raising the delivery- 
tube out of the water in the test-tube as soon as the heating is 
stopped. 


ITydrogen chloride, or hydrochloric acid (T1CI), is a color- 
Jess gas which fumes in the air, and dissolves very readily 
in water; both the gas and its solution render AgNO, 
solution, which has been acidified with HNO,, milky. 
Heated with MnO, the liquid acid evolves chlorine gas. 
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Bromives (—’Br).—Use KBr. 

261. AgNO, added to a little KBr solution gives a 
yellowish-white precipitate (AgBr), which is easily coagu- 
lated by heating or shaking the liquid; it is insoluble in 
FHINO,, but rather soluble in AmHO, thus somewhat re- 
sembling the AgCl precipitate, from which it is distin- 
guished by its color. By shaking well, allowing to settle, 
decanting the liquid, and heating the precipitate with 
strong H,SO,, no violet vapor is evolved, the precipitate 
thus differing from AgI. 

262. Solid KBr when heated with strong H,SO, gives 
off reddish-brown vapor of Br,' which somewhat resembles 
Cl in smell, but differs by its color and by turning moist 
starch orange-red, the color disappearing by heat. This 
last test is best performed by dipping the wetted end of a 
glass rod into some powdered starch, and then moistening 
the adhering starch by breathing upon it several times. 
If MnO, be mixed with KBr powder before adding 
H,SO,, the Br is evolved in greater quantity and more 
readily. 

263. Cl-water, added carefully drop by drop to a little 
_ KBr solution whilst shaking it, liberates Br, which gives 
the solution an orange-red color; excess of Cl-water must 
be carefully avoided, as it destroys the color: 


KBr + Cl=>Br+ KCl. 


On warming a part of this solution in a dish, brown 
fumes are given off which color orange-red some starch 
held in the vapor as described in the preceding reaction. 

If CS, be added to another portion and the liquids are 
then well shaken together, the Br is dissolved by the 
CS,, and on standing the reddish-brown CS, solution 
sinks to the bottom; on adding a little KHO solution 
and shaking well, the color of the Br again disappears 
from the CS,, owing to the formation of the colorless 
salts K Br and KBrO,: 


6Br + 6KHO = 5KBr + KBrO, + 3H,0. 


1 KBr solution does not so easily give off Br vapor, but the liquid 
becomes colored reddish-brown. 


14 
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264, A mixture of solid KBr and K,Cr,O, heated — 


with strong H,SO, as in (260), gives off reddish-brown 
vapor of Br: 


6KBr + K,Cr,0, + 11H,SO, = 3Br, + Cr,(SO,), 
+ 8KHSO, + 7H,0. 


This vapor, if received in a little water, imparts its 
color to the water; if the liquid is shaken up with OS,, 
however, the Br is dissolved away from the water by the 
CS,, which forms a brown layer at the bottom of the 
water; by shaking well, after addition of AmHO or 
KHO, the color of the solution is destroyed (difference 
from a chloride). 

Hydrogen bromide, or hydrobromie acid (HBr), is 
gas resembling HCl; its solution differs by evolving Br 
when heated with MnO,. 


IoprpEs (—’I).—Use KI. 


265. AgNO, added to a little KI cea gives a 


yellow precipitate (AgI), which is easily coagulated by 
heating or shaking the liquid ; it is insoluble in HNO,, 
and very slightly ‘soluble in AmHO. 

This precipitate differs from AgCl and AgBr by its 
color and its slight solubility in AmHO, but more par- 
ticularly by its behavior when heated with strong H,SO,. 
If the precipitate, coagulated by heating or shaking the 
liquid, is allowed to settle and the liquid decanted, then 
strong H,SO, poured in and heated with the precipitate, 
the acid becomes colored red, and violet vapors of iodine 
are seen especially on looking down the tube; the color 
is particularly distinct after the tube has been allowed to 
cool for a short time. This vapor of iodine may be de- 
tected when almost invisible by holding in the air of the 
tube a glass rod previously dipped into freshly made 
starch solution, which will become colored blue. 

266. CuSO, mixed with H,SO, or FeSO, solution, 
which reduces it to Cu,SO,, gives a white precipitate 


— a 
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(Cu,I,); warming, or the addition of a single drop of 
AmHO, causes this precipitate to form more quickly: 


2CuSO, + H,SO, + H,O = CuSO, + 2H,SO, 
2KI + Cu,SO, = Cu,I, + K,SO,. 


If this precipitate is allowed to settle and the water 
poured off, or if it be filtered, and the precipitate is then 
warmed with strong H,SO,, the liquid becomes violet 
and gives off violet fumes of I. 

Solutions of chlorides and bromides are not precipi- 
tated thus by Cu,SO,. 

267. Solid KI if warmed with strong H,SO,, gives off 
violet vapor of I,’ which, if in large quantity, cools on 
the sides of the tube to black solid: this vapor colors 
starch solution blue, as may be proved by dipping a rod 
moistened with freshly made starch solution’ into it, or 
by pouring the heavy fumes out into a white porcelain 
dish whose inside has been wetted with starch solution, 
or by dipping into the vapor a slip of filter-paper moist- 
ened with starch solution. The I is more readily and 


E plentifully evolved, if some MnO, be mixed with the KI 


a Vee 


before adding H,SO,. 

268. Cl-water added drop by drop, carefully avoiding 
excess which would form colorless ICl,, sets free I, which 
dissolves in the water giving a brown liquid; divide this 
into three parts: 

1. Heat one part ; violet vapor of I is given off and is 
best seen by looking down the mouth of the tube at a white 
surface. The color is most distinctly seen if, before heat- 
ing, some strong H,SO, is added to the liquid. If a glass 
rod is dipped into starch solution and held in the vapor, 
the starch becomes blue. 

2. To another portion starch solution is added, which 
gives an intense blue color often appearing black unless 
much starch is added and the liquid largely diluted; on 


1 KI solution does not so easily give off purple vapor, but the liquid 
becomes reddish-brown or red. 

2 The starch solution must always be freshly made (par 526, re- 
mark 35), as after being kept it loses the property of yielding a blue 
color with iodine. 
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warming the solution the color disappears, but often re- 
appears when the liquid is cooled. To insure the dis- 
appearance of the color on being heated, the solution 
must be diluted and the starch added in excess. 

3. To the third portion add a drop of CS, and shake 
well ; the CS, dissolves the I, and gradually settles to 
the bottom having a beautiful violet color. Add a little 
K HO solution and shake well, the violet color of the CS, 
will disappear owing to the formation of the colorless 


salts KI and KIO,. 


The last two methods of testing for the free I are by far the most 
delicate known; but Cl-water is by no means the best reagent for 
setting I free from its compounds, because if added in excess it com- 
bines with the I and prevents its detection. The reagents described 
in (269) are much better suited for liberating I from its compounds. 


269. If a little KNO, is added to the KI solution, 


and then any dilute acid (HA, HCl or H,SO,) poured in, 
HNO, is produced and liberates I. A solution of N,O, 
in dilute H,SO,, made by heating Pb(NO,), strongly and 
passing the red fumes into dilute H,SO, (528, 5), also sets 
free I from KI. The I thus liberated in solution may 
be identified by the three methods described in (268), of 
which the third is the most delicate. 

These two reagents for liberating I do not hinder its 
detection if they are added in excess, and they are also 
useful because they do not liberate Br from its com- 
pounds, 

270. HgCl, gives with a solution of iodide a scarlet 
precipitate, with a solution of bromide or chloride it 
gives no precipitate; PbA, gives with iodide solution a 
bright-yellow precipitate, with bromide or chloride a white 
precipitate. 

Hydrogen iodide, or hydriodie acid (TIT), is a gas re- 
sembling HCl and Hbr ; its solution differs by evolving 
I when heated with MnO.,. 

271. A chloride, bromide, or iodide is easily detected 
by the foregoing tests. The reactions given in para- 
graphs (259) and (260) are perhaps the most character- 
istic tests for a chloride, those described in (262), (263) 
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and (264) for a bromide, whilst an iodide is detected with 
the greatest ease and certainty by reaction (269). 

The color of the precipitate produced by AgNO, in the 
solution made acid with HNO,, and its behavior with 
AmH1O, though less reliable than the above tests, serve 
to indicate which of these acid-radicles is present, AgCl 
_ being pure white and very easily soluble in AmHO, 
_ AgBr being pale yellow and not readily soluble in AmHO, 
whilst Agl is primrose-yellow and almost insoluble in 
AmHO. See also the distinctive action of hot strong 
H,SO, on AgI, described in paragraph (265). 

272. (s) The detection of a chloride, bromide, and iodide 
when occurring together. 

The method of examination varies according to whether 
an iodide is present or absent; since a chloride cannot 
be detected in the presence of an iodide, the latter, if 
present, must be separated before proceeding to examine 
for the chloride (273). In paragraph (274) is given a 
process for detecting an iodide and bromide; it is of 
value only when a chloride has not to be tested for. 

273. (s) To a small portion of the solution, made just 
acid if necessary by addition of dilute H,SO,, add a little 
cold freshly prepared starch solution and then strong 
HNO,, or either of the reagents mentioned in (269), drop 
by drop; a dark-blue coloration’ shows the presence of 
an iodide. ‘The remainder of the solution is examined 
for a chloride and bromide by the directions given below 
under A or B according as an iodide is present or ab- 
sent : 

A, An Iodide is Present.—Add to the solution a rea- 
gent consisting of a mixture of CuSO, solution with 
half its measure of strong H,SO, solution, and warm 
gently for a short time ; Cu,I, will be precipitated (266). 
In order to be sure that the iodide is entirely precipi- 
tated, a small quantity of the liquid must be filtered and 
warmed with a little more of the above reagent ; if any 
further precipitate is caused, the filtered portion is returned 


’ Black, unless the starch solution has been added in sufficient 
quantity to the dilute solution. 
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to the unfiltered liquid, more of the reagent is added to 
the whole, which is then warmed for a time and again 
tested as above, to see if the precipitation is complete ; 
these trials are repeated until a small portion, on filtra- 
tion, gives no further precipitate when warmed with 
more of the reagent. The whole is then filtered till 
clear, pure NaHO is added in excess to the filtrate and 
the liquid boiled. The precipitate thus produced is 
filtered off, and the filtrate, now free from iodide, is 
tested for bromide and chloride by the directions given 
under B. 

B. No Iodide is Present—Make the solution alkaline, 
if not already so, by addition of pure NaHO, then evap- 
orate it to dryness in a porcelain dish, scrape the residue 
off the sides of the dish and mix it with three or four 
times as much powdered K,Cr,O, by rubbing the two 
substances together in the dish with a pestle (260). Trans- 
fer this mixture into the small tubulated flask (Fig. 38, 
p- 150) by pouring it down the perfectly dry neck on 
the side opposite to that at which the tube enters, and 
taking the greatest care to let none of the powder enter 
the delivery-tube. Then pour into the flask strong H,SO, 
sufficient to cover the powder to the depth of about a 


quarter of an inch, at once close the neck with an india-° 


rubber or glass stopper, and dip the end of the delivery- 
tube into water contained in a test-tube. Mix the con- 
tents of the flask by cautious shaking, and warm the 
mixture gently, carefully guarding against allowing any 
of the mixture to get into the delivery-tube and thence 
into the water in the test-tube.1 As soon as no more 
reddish-brown vapor is visible in the flask or its deliy- 
ery-tube, discontinue the heating, and immediately with- 
draw the test-tube. If no colored vapor has been evolved 
and the water in the test-tube is colorless, chloride and 
bromide are absent. If the water is colored, pour into 
it CS, sufficient to forma layer at the bottom of the tube 
about as large as a small nut; close the mouth of the tube 
with the thumb, and shake vigorously; if the CS, on 


' See the precautions in the note at the end of par. 260. 
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settling shows a brown color, the presence of Br from a 
bromide is shown. 

Separate the water from the CS, by pouring it through a 
wetted filter, add to the filtrate AmHO in excess, then 


HA in excess, and PbA, solution. A yellow precipi- 
tate indicates the presence of a chromate, which proves 
indirectly that a chloride was present. 

273 a. (s) The above method will also serve for the 
examination for chloride, bromide, and iodide in the 
AgNO, precipitate. The precipitate is dried, and fused 
for about ten minutes in a porcelain crucible with three 
or four times as much fusion mixture; the cool mass is 
boiled with H,O for some time and filtered, the filtrate 
being examined as directed above (273). 

274. (s) If only an iodide and a bromide have to be 
tested for, the following method may be employed. Pour 
into the solution CS, sufficient to form a large drop at 
the bottom; add Cl-water drop by drop, shaking thor- 
oughly after each addition: an iodide, if present, shows 
first by its liberated iodine coloring the CS, purple, but 
on continuing the addition of Cl-water this color is de- 
stroyed ; a bromide is then detected by a brown coloration 
of the CS,, which, however, is also destroyed if too much 
Cl-water is added. 


GROUP V.—PHOSPHATE GROUP. 


Phosphates and arsenates resemble one another closely 
in many reactions; the points of difference they present 
from one another and from other salts will, however, if 
carefully attended to, render their detection a simple 
matter. ; 


PuHospHates (—’’’PO,).—Use Na,HPO,.12H,0 solu- 
tion. 

275. MgSO, solution to which some AmCI has been 
added. and then a little AmHO, gives with Na,HPO, a 
white crystalline precipitate (MgAmPO,): this precipi- 
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tate is almost insoluble in AmHO, but easily soluble in 
acids. If very little Na, HPO, is present, the precipitate 


appears only on warming, stirring, or shaking well, and 


letting stand. it 
276. Fe,Cl, dropped in after a little HA and some 


NaA solution gives, especially when warmed, a yellowish- 
white precipitate of Fe’’’PO,. 

277. AmH MoO, dissolved in HNO, gives a yellow 
precipitate if a drop of Na,HPO, solution is added to it; 
the formation of the precipitate is hastened by gentle 
warming, stirring, or shaking, but it often appears only 
after atime. Pour off a part of the liquid and show that 
the precipitate is soluble in KHO, NaHO, and AmHO; 
and insoluble in acids, especially in HNO,. 


This reaction (277), if properly performed, is the most delicate test 
known for a phosphate, but careful attention must be paid to the fol- 
lowing precautions: The AmHMoOs solution must be prepared ac- 
cording to the directions given in (526, remark 40). The solution 
to be tested must not be alkaline to test-paper; it is best made dis- 
tinctly acid with HNOs; it is then to be added in small quantity onl 
to some of the AmHMo0Q, solution in a test-tube, more of the liqui 
being added if after gently warming and stirring or shaking well no 
yellow precipitate forms after a few minutes. This last precaution 
must be particularly observed, as an excess of phosphate altogether 
prevents the formation of the precipitate: show that this is the case 
by pouring into some NazH PO, solution, contained in a test-tube and 
made acid with HNOs, a few drops of AmHMoQ, solution; it will 
be found that no precipitate will form even on heating and shakin 
the liquid, since the phosphate is present in large quantity cba 
with the AmH MoOs4; but on adding a few drops of this liquid to some 
fresh AmH MoO, solution the precipitate appears. It must also be re- 
membered that HCl retards or prevents the formation of this precip- 
itate, and therefore an HNO, solution should always be aaa when 
possible. 


278. AgNO,: yellow precipitate (Ag,PO,): pour off 
a portion, and show that the precipitate is soluble in 
AmHO and in HNO,. 


278 a. A very delicate test for the presence of P in the form of a 
phosphate or otherwise, consists in strongly heating the dry solid sub- 
stance with a small piece of Na in a little tube of hard glass closed at 
one end: on breaking the tube and breathing upon the powdered 
substance a smell of onions, due to H,P, is perceived. 

A phosphate made into a paste with strong H,SO, and heated 
strongly at the tip of the inner blowpipe flame, gives a bluish-green 
color to the flame. 
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Hydrogen phosphate, or phosphoric acid (H,PO,), is a 
colorless crystalline substance; its solution is strongly 
acid, but does not char paper and organic substances 
(difference from H,SO,). It yields reactions (275 and 
277). 


Arsenates (~’”’ AsO,).— Use Na, HAsO,.12H,0 solu- 
tion. 


279. The precipitates formed in reactions (275, 276, 277) for phos- 
phates are precisely similar in appearance and general properties to 
those formed with the same reagents by arsenates. The precipitate, 
however, which is formed by an arsenate with AgNO, differs from 
that given by a phosphate by being brown in color; also AmHMoQ, 


‘gives with an arsenate a precipitate only on boiling. 


280. The following differences serve to detect and 
separate a phosphate and an arsenate : 

1. The fact that an arsenate yields a precipitate with 
AmHMo0O, only when the liquid is bodled, whereas the 
corresponding precipitate with a phosphate is produced 
by gentle heat. 

2. An arsenate solution, if boiled with strong HCl, 
gives when H,5S is passed into the hot liquid, first a white 
precipitate of S, then yellow As,S, ; a plosphate solution, 
under the same circumstances, gives no precipitate. 

3. Ina perfectly neutral solution, AgNO, gives with 
an arsenate solution a brown precipitate, with a phosphate 
a canary-yellow precipitate. 

Hence, if occurring separately, a phosphate and ar- 
senate may be distinguished by one or more of these 
differences. 

281. The simplest method of ascertaining which of 
these two acid-radicles is present is to throw the precip- 
itate yielded by AmCl, AmHO, and MgSO, upon a filter, 
wash it with a little cold water, and drop AgNO, upon 
it; if the precipitate consisted of MgAmAsO, it will 
become brown, if of MgAmPO, canary-yellow (280, 3). 
Or the precipitate produced by AmCl, AmHO, and 
MgSO, may be examined for arsenate by dissolving a 
part of it in dilute HNO,, adding AgNO, as long as it 
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causes any white precipitate, and then very dilute AmHO 
gradually drop by drop; if arsenate is present a brown 
precipitate will form just before the liquid becomes alka- 
line to test-paper; phosphate gives a yellow precipitate. 
Instead of mixing the dilute AmHO it may be poured 
upon the top of the acid liquid, when the color appears 
at the surface of contact. 

282. If both arsenate and phosphate have to be tested 
Jor, AmCl, AmHO, and MgSO, are added as long as any 
further precipitate is caused; the precipitate is filtered 
off” and dissolved in a little boiling strong HCl, HS is 
passed for several minutes into this hot HCl solution, 
when the presence of arsenate is shown as above (280, 2); 
the precipitate, if any has formed, is filtered off and H,S 
passed into the boiling filtrate ; if any further precipitate 
is produced, the gas must be passed again until it no 
longer.causes a precipitate; the clear filtrate from this 
precipitate is then evaporated just to dryness, dissolved 
in a little dilute HNO,, and tested for phosphate by add- 
ing a few drops of it to AmH MoO, solution and gently 
warming. Arsenite, if present, may be detected by H,S 
in the filtrate from the Me precipitate, acidified with 
HCl; yellow As,S, is precipitated at once. 


UNGROUPED ACID-RADICLES. 

The salts of the following acid-radicles present in their 
reactions no marked resemblances to one another or to 
other salts, and are usually detected by special tests. 


Borates (~’BO,, or -’’’BO,).—Use Na,B,O,.10H,O. 
283. If some powdered Na,B,O, be stirred with a little 
dilute HCl on a watch-glass and a strip of turmeric-paper 


' A small portion of the precipitate may be filtered off upon another 
filter and tested at once for arsenate by dropping upon it AgNO 
solution. If the precipitate turns brown, arsenate is present and 
must be separated in the other part of the Mg precipitate before test- 
ing for phosphate; if the precipitate turns yellow, phosphate alone 
is present. : 
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be half immersed in the liquid, then dried on a watch- 
glass in the steam-oven or on a water-bath,’ the part 
which was moistened appears reddish-brown, and becomes 
bluish-black when moistened with AmHO. This is a 
most useful test for a borate. 

284. If some methylated spirit be poured upon a little 
solid Na,B,O, in a test-tube or porcelain dish, some strong 
H,SO, added, and the mixture be heated and set fire to, 
the spirit burns with a green-edged flame, seen best by 
blowing the flame out after it has burnt for a time and 
then relighting it. This test is not quite a characteristic, 
since some chlorides yield a somewhat similar green 
flame. 

285. A mixture of Cal’,, Na,B,O/ and KHSO,, if 
finely powdered, moistened, ‘and heated on a loop of 
platinum wire in the inner blowpipe flame, colors the 
outer flame momentarily green after being heated, for a 
short time. 

This test is not always decisive, since many phosphates 
and Cu-salts give the same coloration, and it is besides 
liable to be masked by the flame colorations of other sub- 
stances, 

ETydrogen borate, or boric acid (HBO,), is a white 
porous mass ; when combined with 2H,O it forms a crys- 
talline sealy hydrate; when strongly heated these yield 
a fusible glass consisting of B,O,. The solution of the 
acid reddens litmus-paper and colors turmeric reddish- 
brown, especially on drying the paper. The acid is soluble 
both in H,O and in alcohol ; on evaporating these solu- 

_ tions, the acid passes off with the vapor of the liquid. 
Reactions (283, 284, 285) will serve to detect boric acid. 


Curomates (—’’CrO,).—Use K,Cr,O, (or K,CrO,. 
CrO,) solution. 


All chromates are more or less yellow or red in color. The yel- 


-! The paper may also be dried over a small flame, if it is not heated 
above steam-heat (100° C.). 

2 Boric acid is better, since the Na flame coloration tends to con- 
ceal the green coloration caused by BF3. 
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low solution of an alkaline chromate becomes orange-red on addition 
of an acid, owing to formation of a dichromate. 


286. Various substances, which readily combine with 
oxygen, deoxidize acid K,Cr,O, solution to a solution of 
a chromic salt, the color of the solution at the same time 
changing from orange-red to a bright green. ‘To show 
this, add HCl or H,SO, to some K,Cr,O, solution, divide 
the orange-red solution into five parts and deoxidize each 
of these portions by one of the following methods: 


a. Pass HS into the hot solution: white S separates. 

b. Add some NaHSO, or H,SO, and warm. 

e. Add alcohol and boil. 

d. Boil for some time, after adding much strong HCl. 

e. Add some Zn to the acidified liquid and warm: the 
change of color is in this case slow. 


In each case the change in composition is shown by the 
liquid becoming green ; the following equations show the 
decomposition occurring with H,S and with HCl, the 
others may be drawn out by the student: 


K,Cr,O, + 3H,S + 8HCl =Cr,Cl, + 2KCl + 7H,O +8,. 
K,Cr,O, + 14HCl = Cr,Cl, + 2KCl + 7H,O + 30l,. 


This green solution gives all the reactions for Cr 
(102-104). 


Note.—Since chromic acid is thus reduced by boiling with HCl 
and by H,S to a chromic salt, a chromate leads to precipitation of 
Cr,Ho, in Group III in the ordinary course of analysis. 


Hydrogen peroxide (H,O,), if added after some ether 
to an acid solution of a chromate, on well shaking the 
liquids cause the ether to assume a blue color; addition 
of a few drops of strong HNO, is useful. The H,O, 
may be produced by adding BaQO, to the cold acid liquid. 
This reaction is exremely delicate and characteristic. 

287. AgNO,: purple-red precipitate (Ag,CrO,): sol- 
uble in AmHO and in HNO,,. 

288. PbA,: yellow precipitate (PbCrO,): soluble in 
K HO, insoluble in HA. - 
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289. BaCl,: yellowish-white precipitate (BaCrO,): 


insoluble in HA, soluble in HCl. 


Hydrogen chromate, or chromic acid (H,CrO,?). CrO, 


dissolves in water to a reddish-yellow liquid, with a 
strongly acid reaction. The liquid evolves Cl and_be- 


comes green if it is boiled with HCl; when neutralized 
by an alkali it becomes yellow, the solution yielding the 


reactions in pars. 287, 288, 289. 


Use Na,SiO, solution for liquid; for 
SILICATES. solid, finely ground sand or solid 
Na,SiO,. 


290. HCl added slowly drop by drop to a solution of 
Na,SiO, whilst stirring or shaking it, will usually, unless 
the solution is very dilute [see Note 2 below], give a 


gelatinous precipitate of H,SiO,; but this precipitate is 


ee 


very apt to remain dissolved, hence its non-appearance is 
no proof of the absence of H,SiO,. 

290 a. Small quantities of H,SiO,, or H,SiO in dilute 
solution, may be detected by evaporating the solution, 
made acid with HCl, to dryness in a porcelain dish, and 
heating the residue to 100° as long as acid fumes come 
off: on stirring and warming the dry residue with strong 
HCI, SiO, remains undissolved as a white powder. 


Note 1.—During the last part of the evaporation the silica often 
separates as a gelatinous mass, and unless the heat is lessened 
and the residue stirred with a glass rod it will spirt: spirting is best 
avoided by finishing the evaporation, as soon as the liquid becomes 
thick, upon a water-bath. The undissolved SiO,, left on treating with 
HCI, is best seen by pouring out the liquid into a test-tube: it is sol- 
uble in hot KHO solution. 

Note 2.—The solution of Na,SiO, used for these reactions is made 
of such a strength that acids do not precipitate H,SiO, from it, 
but by boiling some of it down to a quarter its volume before adding 


the acid the precipitate is usually obtained. 


291. AmCl or Am,CO, causes a gelatinous precipitate 
of HSiO,, which usually forms only after a time. 
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_ Blowpipe Tests. 


292. A little solid SiO,, or a silicate, if fused into a 
bead of Na,CO,, causes frothing from CO, escaping : 


Na,CO, + SiO = CO, + Na,SiO,. 
293. Fused in a bead of NaAmHPO, the SiO, is not 


dissolved, but floats about in transparent particles, and 
on cooling remains as little opaque masses in the bead. 
The particles of SiO, are usually best seen in the bead 
whilst fused. 

Hydrogen silicate, or silicie acid (H,SiO,), is a white 
gelatinous substance with no reaction to litmus; it is 
insoluble in water, and but very slightly soluble in acids, 
but dissolves as an alkaline silicate in solutions of the 
alkalies or alkaline carbonates. On ignition it forms a 


white insoluble powder (SiO,), which yields reactions 
(292) and (293). 


FLuoriwEs (- ’F).—Use finely powdered CaF. 


The most useful tests for a fluoride depend upon setting free hydro- 
fluoric acid and allowing this to act upon a glass surface, which it 
“etches” or corrodes, causing it to appear dim when perfectly dry. 


294. Strong H,SO,, if warmed with a little CaF’, in a 
test-tube, liberates HE, which causes the glass to behave 
towards the liquid as if it were greasy. The HF etches 
the glass, and on washing away the cooled mixture, and 
perfectly drying the inside of the tube, it will be found 
to be dimmed and roughened. 

This test is often performed by gently warming the 
substance, upon which several drops of strong H,SO, have 
been poured, upon a watch-glass for some time ; on wash- 
ing off the substance and drying the glass thoroughly it 
will be found to be dimmed and roughened where the 
substance and acid rested ; this is best seen, if only very 
slight, by holding the glass so as to see the reflection from 
its surface. 

295. A less simple, but more delicate plan, consists in 
placing the Cal’, in a platinum crucible, or in a small 
leaden cup made by bending a piece of sheet-lead, and 


: 
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_ pouring upon it some strong H,SO,. The crucible is then 
covered with a watch-glass, with its hollow upwards, and 
filled with cold water to keep the glass cool; the crucible 
is placed in a porcelain dish containing sufficient hot 
water to reach half way up the sides of the crucible, the 
water being occasionally heated if necessary by a small 
flame ;' on removing the watch-glass after ten minutes or 
more, washing and then thoroughly drying it, the part 
of the surface covering the crucible will be found to be 
dimmed by the action of the HF vapors. The delicacy 
of this method is much increased by the modification 
described in (296). 

296. The convex surface of a watch-glass is covered 
with a thin film of beeswax or solid paraffin by carefully 
heating the glass held by crucible-tongs at some distance 
above a flame, then rubbing its convex side with a piece 
of wax or paraffin ; it is thus covered with a melted layer, 
which may be made uniform by once more heating the 
giass, allowing any excess of wax to drop off, and keep- 
ing the glass moving whilst it cools; the coating is finally 
_ hardened by immersion for a short time in cold water. 
_ Lines or characters are then traced on the glass towards 
its centre by gentle pressure with the point of a penknife, 
the object being simply to remove the wax from these 
parts and not to scratch the glass. The glass thus pre- 
pared is exposed as in (295) to the HE vapor for about 
_ twenty minutes or half an hour, the wax being prevented 
_ from melting by cold water in the hollow of the glass. 
_ The watch-glass is then removed and cleansed from wax 
by holding it with crucible-tongs above the flame and 
_ quickly wiping off the wax when melted: a clean bright 
surface will be thus obtained on which the traced lines 
_ will usually be visible at once on holding the glass up to 
the light; but if mere traces of a fluoride were present 
they will be made visible by breathing upon the cold 


surface. - 


297. The presence of SiO, or a silicate prevents the 


Or the crucible may be heated gently over a very small flame or 
on a sand-bath. 
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liberation of HF by H,SO,, Sif, being given off in- 
stead: this gas possesses no etching power, and there- 
fore if SiO, or a silicate is present, the methods given 
above do not serve for the detection of a fluoride. SiF,, 
however, produces white fumes in air, and if passed into 
dilute AmHO yields a colorless floceulent precipitate of 
H,SiO, and gives AmF in solution: the formation of 
the flocculent precipitate of H,SiO, is sufficient proof of 
the presence of a fluoride, but the AmF itself may be 
detected in the filtrate from this precipitate by adding 
CaCl,, filtering off the precipitate of CaF, and drying 
and examining it by (296). 

By mixing SiO, with any substance to be tested fora — 
fluoride the above method may be employed for its de- 
tection; use for the reaction a mixture of CaF, and 
SiOz A small piece of marble may be dropped into 
the tube in which the Sil’, is evolved, to carry that gas 
over into the AmHO solution. » 

The changes which occur are thus expressed : 

2CaF’, + SiO, + 2H,SO,= Sik, + 2H,O + 2CaSO,, 

Sif,+ 4AmHO = H,Si0,+ 4AmF. 

298. CaCl, added to NaF solution’ gives a gelatinous 
almost transparent precipitate (CaF,), which becomes: 
more visible on heating or adding AmHO: slightly 
soluble in HCl, almost insoluble in HA. 

Hydrogen fluoride, or hydrofluoric acid (HF), is a 
colorless gas, which fumes in the air, etches glass, and 
dissolves easily in water. The solution of HF is acid in 
reaction, and differs from all other acids in dissolying 
SiO and attacking insoluble silicates. 


FivosiiicaTEs (—’Sil*,)—Use H,Sik,. 
299. BaCl,: white precipitate (BaSil,), which usuall 


appears only on gently warming the solution, and thus 


1 Prepared by boiling in water the mass obtained by fusing for 
several minutes on platinum foil some powdered CaF, and fusion 


mixture, filtering the solution, and acidifying the filtrate with HA. 
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differs from BaSO,: it is somewhat soluble in boiling 
HCI, but insoluble in alcohol. Put by some of this 
precipitate for reaction (301). 


This precipitate differs from the precipitate of BaSO,, which it 
somewhat resembles in being rather insoluble in HCl, by being more 
or less transparent and crystalline; but fluosilicates differ from 
sulphates also in giving no precipitates with Sr(NO3), or Pb( NQs),, 
and in giving, when heated with excess of AmHO, a floceulent pre- 
cipitate of H,SiO,, and AmF in solution (297); fluosilicates differ 
also by the following very distinctive reactions. 


300. ACl,on warming, gives a very transparent ge- 
latinous precipitate (K,Sil’,), which is visible only after 
being allowed to settle for a time; it is insoluble in 

alcohol. 

301. By evaporating H,SiF, solution, or heating a 
fluosilicate, with strong H,SO, HF is given off, and 

_may be detected by its etching action on glass (294 e¢ 
seq.) 

_ Eyaporate a little H,Sil’, or BaSiF, from (299), after 
adding strong H.SO,, upon a watch-glass to dryness ; on 
washing off the residue the glass will be found to be 
etched. 

_- 801a. A solid substance (e. g., the precipitate of 
- BaSiF, or K,Sif’,) may also be examined by any of the 
methods given above for HI’, the most delicate being 
(296). This method is particularly useful for proving a 
' precipitate produced by BaCl, to consist of BaSil,.' 


302. The above reactions readily distinguish between sulphates 
- and fluosilicates, both of which give precipitates with BaCl,, which 
| are insoluble in boiling HCl. There is only one other class of salts 
_ —the selenates—which give with BaCl, a white precipitate insoluble 


’ The readiest means of producing an etch with this precipitate 
is to pour it off into a watch-glass, decant the water, and warm the 
precipitate for some time with strong H,SO,; on washing the glass 

_ and drying it, it will be found to be corroded. When the more deli- 
cate process (296) has to be employed, the precipitate should be 
shaken up with the liquid, poured off into a platinum crucible or 
leaden cup, the liquid decanted, and the precipitate warmed with 
strong H,SO; as described in (296). 
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in HCl, and this precipitate (BaSeO,), if boiled with strong HCl for 
some time, evolves Cl and gradually dissolves as BaSeO,, thus differ- 


ing from BaSO, and BaSil’,; further, this HCl solution, if warmed — 


with H,SO,, yields a reddish precipitate of Se. 


Hydrogen fluosilicate, or hydrofluosiliere acid ( HSiF,), 1 


is a strongly acid liquid, volatilizing entirely as 2HF + 


Sik’, when heated in platinum. , By evaporating it in — 


glass the glass is etched. It is precipitated by KCl and 
by BaCl.,. 


REACTIONS OF ORGANIC ACID-RADICLES. 


The following acid-radicles are included here, although 
the first four are frequently, and the other three always, 
classed amongst organic compounds, because they are of 


such frequent occurrence, and their detection is usually a — 


matter of so little difficulty that they may reasonably be 
appended even to an elementary treatise on inorganic 
analysis. 


CyANIDEs (—’Cy).—Use KCy solution. 


HCy smells of bitter almonds; the alkaline cyanides also smell 
faintly of the same. 


303. AgNO,: white precipitate (AgCy), most easily 
obtained by pouring a drop of the KCy solution into the 
AgNO, solution: show with three separate portions that 
this precipitate is soluble in KCy solution added in ex- 
cess, and in AmHO, but insoluble in dilute HNO,. 


If some of the precipitate be filtered off and well washed with hot 
water until free from AgNOs; (shown by HCl causing no milkiness 
with the last few drops of the washing water), then dried, scraped 
from the filter into a porcelain crucible, and heated strongly, Ag is 
left; if this residue on cooling be warmed with a little dilate H NOs, it 


dissolves, giving off red fumes; an@ a drop of HCl added to this solu- — 


tion gives a curdy precipitate of AgCl. This reaction distinguishes 
AgCy from AgCl, AgBr, and AgI, which like it are precipitated by 
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AgNO, and are insoluble in HNOs, but which, when dried and 
strongly heated, melt without decomposing; hence, after cooling, if 
HNOs be warmed with them it dissolves out no Ag, and HCl added 
to the HNOs gives either no precipitate or a mere milkiness due to 
imperfect washing of the precipitate. 

This method is somewhat tedious and need seldom be used, cyan- 
ides being readily detected by the following reactions. 


304. If some FeSO, solution, mixed with several 
drops of Fe,Cl,, is added to KCy solution and the liquid 
is then made strongly alkaline with KHO and boiled, 
then cooled and HC! added to acid reaction, ‘ Prussian 
blue” (Fe’’’ Cfy,') remains as a deep-blue precipitate; or, 
if in small quantity, it dissolves, giving a bluish-green 
solution. If no cyanide had been present, the addition 
of HCl would have given a nearly colorless liquid. 

305. If to some KCy solution, contained in a test-tube 
fitted as shown in Fig. 37 (p. 150), dilute H,SO, is added, 
then a small piece of marble dropped in and the liquid 
boiled, allowing the steam to pass off into some Am.S 
solution, AmCyS is‘formed. ‘This substance gives with 
FeCl, a blood-red coloration, which may be obtained by 
pouring the Am,S solution outintoa porcelain dish, boiling 
it, allowing it to cool, making acid with HCl (see Note 
1, p. 180), and adding several drops of Fe,Cl,; a blood- 
red color, only faintly seen when but little KCy is used, 
shows that HCy has passed into the Am,S, producing 
AmCyS, and therefore proves the presence of a cyanide. 


A little of this red liquid should be added to some HgCl, solution ; 
if the red color is destroyed it was certainly due to the presence of 
AmCyS. 

The marble is used to cause evolution of CO,-gas, which lessens 
the risk of the Am,S being sucked back during the reaction. 


306. The former test can often be more simply per- 
formed by boiling the solution of KCy or HgCy, with 
Am,S, which must be added until the yellow color re- 
mains after boiling for a short time. If a dark-colored 
precipitate forms, this must epally be filtered off before 


1 The sriibal Cfy conveniently represents the group (FeCyg) ; it 
is used here to avoid brackets. 
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the color of the filtrate can be seen. Then filter if neces- 
sary, acidify with HCl in a porcelain dish (see Note 1, 
below), and add Fe,Cl, in small quantity ; a blood-red 
color is produced in the liquid, which is not removed by 
heat or addition of HCl, but may be destroyed by add- 
ing a few drops of the liquid to some HgCl,. 


Note 1.—On adding HCl to the Am,S (305, 306), white S separates 
unless the yellow liquid has been previously boiled in a porcelain 
dish until it becomes colorless, filling in distilled water as it evapo- 
rates ; but this separation of S is advantageous, since it helps to show 
by its whiteness even a faint reddish tint in the liquid. Methods 
(304, 305, 306) are exceedingly delicate tests for a cyanide. Methods 
(305) and (306), if less readily performed than (304), exceed it in 
delicacy. Method (306) is the more easy of the two to perform, and 
(805) is only used in cases where, after boiling with excess of md 
the filtrate is dark-colored, and therefore the red coloration would 
invisible. 

Note 2.—HgCy, does not show the reactions for a cyanide by 
methods (303, 304, and 305); but by boiling with Am,S, according 
to method (306), AmCyS is obtained in the filtrate from the black 
HeS precipitate, and will give the red coloration with Fe,Cl,. 

Solid HgCy, heated in a small tube closed at one end also gives off 
cyanogen gas, which burns with a peachblossom-colored flame. 


ITydrogen cyanide, or hydrocyanie (“Prussie”) acid. 
(HCy), is a colorless, volatile, inflammable liquid, smelling 
like bitter almonds: it is highly poisonous, both when in- 
haled as vapor and swallowed as liquid: it readily mixes 
with water. ‘The acid is easily detected by AgNO, (303), 
also by (304), or by formation of AmCyS when the liquid 
is boiled with Am,S (306). , 


FERROCYANIDES (—”’FeCy,,' or —”"Gfy.)\—Use 
K ,FeCy,.3H,O (or K,Cfy.3H,0) solution. 

307. Fe,Cl,: dark-blue precipitate, ‘“ Prussian blue” 
(Fe,Cfy,): insoluble in HCI, soluble in H,C,O, toa dark- 
blue liquid: changed by K HO into brown Fe,Ho,. 


__} This part of the formula of a ferrocyanide is conveniently written 
Cfy to avoid using brackets. 


308-315.] FERRI-, SULPHO-CYANIDES. 181. 


The solubility in H,0 and insolubility in HCl are shown by pour- 


ing off portions, heating them with HCl and H,0 respectively, fil- 
tering and noting whether the filtrate is blue: a third portion is 
mixed with KHO, and becomes brown. 


308. FeSO,: light-blue precipitate (Fe’’K,Cfy), 


which quickly becomes darker on standing in the air, or 


immediately on addition of Cl-water or Br-water, or on 


warming with HNO,: it is insoluble HCl. 

309. OuSO,: achocolate-colored precipitate (Cu’’,Cfy), 
insoluble in HA. 

310. AgNO,: white precipitate (Ag,Cfy), insoluble in 
HNO, and in AmHO. If heated with HNO, this pre- 


_ cipitate changes to orange-red Ag,Cfys, soluble in AmHO. 


FERRICYANIDES [-(FeQy,), or —‘Ofy,]. — Use 


K,(FeCy,). (or K,Cfy,) solution. 


aa ee 


311. Fe,Cl,: dark-green or brown coloration; no pre- 
cipitate is formed, as may be seen by adding much 
water to the liquid. 

312. FeSO,: dark-blue precipitate, “ Turnbull’s blue,” 


(Fe’’,Cfy,): insoluble in acids: blue color destroyed by 
KHO. 


313. CuSO,: yellowish precipitate. 

314. AgNO,: orange-colored precipitate (Ag,Cfy,), in- 
soluble in HNO,, soluble in AmHO. Frequently a white 
residue is left on adding AmHO, consisting of Ag,Cfy, 
and showing that K,Cfy was present in the K,Cfy: solu- 
tion. 


SULPHOCYANIDES (—/CyS).—Use KCyS solution. 


315. Fe,Cl,: blood-red coloration, but no precipitate: 
the color is destroyed by HgCl: solution, but not by HCl. 
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. 316. Cyanides are usually detected in analysis by methods (304, 
305, 306). Ferro- and ferricyanides can be found and distinguished 
by their first three tests, or by the precipitate given by AgNOs in the 
solution acidified with HNQOs; this precipitate, if a ferricyanide is 
present, will have a more or less decided orange-red color ; on filter- 
ing, or decanting, and warming the precipitate with AmHO, white, 
Ag,Cfy will be left if a ferrocyanide was present, and on acidifying 
the filtrate with HNO, orange-red Ag,Cfy, will be precipitated. A 
sulphocyanide is found by (315). 


The three following acid-radicles and their salts differ 
from the foregoing by being charred and emitting a smell 
of burning when heated in the solid state; oxalates, how- 
ever, do so only to a slight extent. If the salt be one of 
the alkalies or of the alkaline earths, the residue left after 
ignition contains a carbonate, which effervesces with an 
acid, whereas the original substance did not do so. 


Oxaxates (~’C,0,, or —0).—Use Am,C,0,.2H,0, 
(or Am,O.2H:0). 4 
317. Strong H,SO, heated with solid Am,O.2H,O 


causes an effervescence of gas consisting of a mixture of 


CO and CO,: 
Am,C,0,+ 2H,SO,= CO + CO,+Am,SO,+ H,SO,H,0, 


The CO is detected by burning with a blue flame when 
a light is applied, the CO2 by rendering a drop of lime- 
water on a glass rod milky. 

No blackening or charring is produced by strong 
H.SO,; oxalates differ in this respect from the salts of 
all other organic acids. 

318. CaCl,, CaSO,, or lime-water, added to Am,C,O, 
solution (made by diluting some of the reagent solution 
in a test-tube with an equal quantity of water), gives a 
white precipitate (CaC,O,), insoluble in AmHO and in 


HA, soluble in HCl or HNO,. 


| 
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318 a. If this precipitate is filtered off, a portion placed 
on a watch-glass will not effervesce with dilute HCI; but 
if the remainder is dried and heated to dull redness on 
platinum foil, it is converted without blackening into 
CaCO,, which effervesces with dilute HCl. 


This is a general test for oxalate of K, Na, Ba, Sr, or Ca; oxalates 
of these metals leave carbonates on ignition which effervesce with an 
acid. 


- 319. Heated with MnO, and H,SO,, solid oxalates 
give off CO,: 


Am,C,0, + MnO, + 2H,SO,= 2CO, + MnSO, + 
Am,SO, + 2H,0. 


Since commercial MnO: usually contains some carbonate, it will 
give off COz when treated with H2SO,. If the MnOs to be used is 
not known to be free from carbonate the best way to make the test is 
to add to some of the MnO, in 2 test-tube a little H,SO,, and heat to 
boiling ; if CO, is found in the tube by a glass rod with a drop of 
lime-water on its end, continue to boil, occasionally drawing fresh 
air into the test-tube by pushing down a glass tube near to the surface 
of the liquid and sucking out the air; as soon as no CO: is detectable 
in the tube after boiling for a short time, and the liquid is distinctly 
acid, the Am,C,O, is added and the mixture again heated, CO» will be 
rapidly given off, and may be detected by the ordinary methods. 

f the MnO, gives no CO, with H,SO,, proceed at once to add the 
Am,©,0,, heat and test for COQ. 


Hydrogen oxalate, or oxalic acid (H,C,O,, or H,C,O,. 
2H.0 if crystallized), when heated in a glass tube closed 
at one end partly sublimes unaltered, and is partly de- 
composed, yielding vapors which cause coughing ; it yields 
reactions (317) and (319). It dissolves in water to an 
acid, poisonous liquid. 


Tartrates (For a neutral tartrate use Na,T.2H,O 

(—"C,H,O,, or or KNaT; for an acid tartrate use 
=a). HeT or NaHT. 

320. A solid tartrate or solid H,T, when heated 


strongly in a tube, chars, giving off a smell of burnt 
sugar. 
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321. A solid tartrate or solid H,T heated with strong 
H.SO, blackens, giving off a mixture of CO, CO:, and 
SO.. 

322. AgNO, gives with solution of a neutral tartrate 
a white curdy precipitate (Ag,T), soluble in AmHO and 
in HNO,. Allow some of the above precipitate (Ag:T) 
to settle in a test-tube, and pour off as much of the liquid 
from above it as possible; then pour very dilute AmHO 
drop by drop into the tube, until the precipitate, after 
being shaken up with the liquid, is nearly but not quite 
dissolved ; then heat the test-tube gradually and gently 
by immersing it in a beaker of cold water and slowly 
raising its temperature to 60°, a brilliant mirror of Ag 
will form on the interior of the tube. If the liquid, in- 
stead of being slowly heated to 60°, be quickly boiled, 
the Ag deposits as a black precipitate, which is not so 
characteristic. ; 

323. CaCh precipitates from a neutral tartrate solu- 
tion white or crystalline Cal’: the precipitate often sepa- 
rates only after shaking the liquid well and letting it 
stand for a time; it is soluble in acids and its formation 
is retarded by AmCl and other Am-salts. This precipi- 
tate is soluble in strong cold KHO,' is reprecipitated by 
boiling, but dissolves again more or less completely on 
cooling. 

Decant the liquid from the precipitate and pour upon 
the precipitate a little very dilute AmHO in a test-tube, 
drop in a small crystal of AgNO, and warm carefully as 
in (322). A silver mirror forms on the part of the glass 
on which the AgNO, rests. 

324. KCl, or better KA, if added to solution of H.T 
or an acid tartrate, gives ou stirring or shaking a white 
crystalline precipitate (KH'T). If HA is added at the 
same time, the precipitate may also be obtained with 
neutral tartrates. Addition of alcohol assists the forma- 
tion of the precipitate, which is soluble in alkalies and in 
mineral acids. 


dietisnece SS 5 Spee ee 
1 A milkiness remains, however, if the potash solution contains 
carbonate. 
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325. If a few drops of Fe,Cl, solution be added to 
H.T or KNaT solution, then KHO or AmHO until the 
liquid is strongly alkaline, no precipitate forms. The 
precipitation of several other metals (e. g., Al, Mn, Cu) by 
alkalies is similarly prevented by H,T: this is owing to 
the formation of a double tartrate of the alkali and the 
other metal, which salt is not decomposed by an alkali. 

FTydrogen tartrate, or tartaric acid (H,T), occurs in 
colorless crystals which do not alter in the air; they taste 
pleasantly acid, and dissolve in water and in alcohol: they 
are detected by heating them alone or with strong H,SO, 


_ (320, 321): if dissolved and neutralized they also yield 


the reactions in (322, 323). 


Acerates. (-'C,H,0,, or —’A).—Use NA.3H,0. 1] 

326. Solid NaA if strongly heated blackens, giving 
off a peculiar smell and a vapor (acetone) which burns 
with a bright flame when kindled. 

327. Heated with strong H.SO,, vapor of HA is given 
off, recognized by its pungent smell of vinegar. If alco- 
hol is first added to the NaA then strong H,SO,, and the 
mixture is warmed, a fragrant smell of ethyl-acetate (EtA) 
is emitted ; it is most decided when the liquid is shaken 
after cooling for a short time. 

328. Fe,Cl, added in small quantity to a little NaA 


dissolved in water, gives a deep-red color: on boiling the 
solution, made neutral but not alkaline with AmHO (if 


necessary), all the Fe separates as a light-brown precipi- 


_ tate and the liquid becomes colorless. The red color of 


the solution before being boiled is changed to yellow by 


_ addition of HCl (difference from the coloration due to 


4 
: 


ee 


_ sulphocyanide). 


ETydrogen acetate, or acetic acid (H.A).—“ Glacial acetic 
acid”’ is at 17° C. a colorless crystalline substance, emit- 
ting when heated a very pungent and inflammable vapor : 
it isstrongly acid. It dissolves in water readily, impart- 

16 
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ing its peculiar smell to the liquid in a mild degree: 
The acid is completely volatile without decomposition, _ 


329. The above organic acid-radicles may be specially — 
tested for by any of their reactions; (318) being generally 
used to test for an oxalate in solution, (317) or (319) when — 
it is solid; a tartrate is best detected in solution by reac- 
tion (322) or (323), or if solid by (820); an acetate is 
found by (326) or (827). 7 


** After completing the reactions for the acid-radicles 
the student may proceed to Section VI, unless he is in-— 
tending to learn the analysis of simple salts, when he pro-— 
ceeds to Section V. 4 
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SECTION V. 


ANALYSIS OF SIMPLE SUBSTANCES CONTAINING 
ONE. METAL AND ONE ACID-RADICLE.' 


Note.—This section may be neglected by a student who is proceed- 
ing through the senior analy tical course. 


330. The ordinary method of proceeding to detect the 
metal or acid-radicle or both in a simple substance, is to 
make a few preliminary experiments, which will usually 
give some idea as to what substance is present, and will 
occasionally even detect metal or acid-radicle, or both of 
them, with certainty. Whether the composition of the 
substance has been ‘satisfactorily proved by this prelimi- 
hary examination or not, the next process is to endeavor 
to dissolve the substance, if it is not already in the liquid 
form, in water or acids; then by adding to the solution 
certain group-reagents in the proper order of succession, 
it is found to which analytical group the metal present 
belongs. The following table gives the analytical groups 
for metals, each group “being headed by its distinctive 
number, name, and group- reagent : ‘ 


" Two metals may occasionally be present, as when an alum, or 


tartar-emetic [K(SbO)T'], is given for analysis ; also there may be 
two acid-radicles in the liquids given for analysis, since a salt insolu- 
ble in water is occasionally dissolved in an ac ‘id ; but the student 
should always be informed of this if it in any way complicates the 
analysis. It will not usually do so, since in the most commonly oc- 
curring case, that of an alkaline earth phosphate dissolved in HCl, 
the PO, is detected in Group III, and accordingly no other acid- 
radicle is looked for. 
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Table showing the Analyti 


Metals whose chlorides Metals whose sulphides are insolu 
! areinsoluble in water | dilute acids, and which are the 

Note. —It will be and dilute acids, and | precipitated from acid solutio 
observed that there|| which are therefore | sulphuretted hydrogen. 
are two divisions of|| precipitated from their 
Groups II and III. solutions by hydro- 
In analysis it is usual} chloric acid. 
to separate the two 
divisions of Group IT 


from one another, Group T. Group IL. 

after having sepa-|| Z7ydrochlorie Acid, or 
rated the whole group Silver Group. Sulphuretted Hydrogen Grow 
from the remaining } ; 
Sigue at Group. LE sf Guode Tx Group IL 
sions 0 rou roup IL 
jare by some ais | Copper Group. | Gree G 
precipitated together Sulphides insoluble | Sulphides 
and subsequently sep- | in NaHO and et in N 
arated; they are, Amz,S. Am,S. 


however, often pre- 
cipitated separately, 


and treated as dis-/|(Lead, . . . Pb) Mercuricum, Hg” 
tinct groups, Silver, . : 4 {Lead, . 5 ER] 
Mercurosum, . ; ae Bismuth, . Bi 


Copper, . « 1Ou 
Cinta 5 ae 


After discovering to which of the above analytical 
groups the metal present. belongs, it is identified by the 
properties or appearance of the group-precipitate, and its 
presence confirmed, if necessary, by special tests made on 
the precipitate or on another portion of the “ original 
solution.” 

The acid-radicle, if it has not been already detected 
during the examination for the metal, is tested for in a 
less systematic manner. A few preliminary experiments — 
are first performed, and if these do not detect the acid- 
radicle, it is found, partly by a systematic examination, 
including that described above for the detection of the 
metal, but more commonly by special tests. 

A substance insoluble in water and in acids is examined 
according to the special directions in (867-369). 

Since in these analyses only one metal and one acid- 
radicle are to be looked for, the examination for the metal 
is carried no further when one metal has been detected 
with certainty, and the examination for the acid-radicle 


' By the “original solution ” is meant the solution of the substance, 
or the substance itself, if a liquid is under analysis, to which no re- 
agent has been added. 
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which are precipitated as hy- | Metals whose carbon- | Metals whose solutions 
} from their solutions contain-| ates are precipi- | are not precipitated 
immonium chloride when made tated by addition of | by any of the fore- 
ine with ammonia, or as sul- ammonium carbon-| going group-reagents 
ss or hydrates when ammonium ate in the presence | in the presence of 
lide or sulphuretted hydrogenis | of ammonium chlo-| ammonium chloride. 

c oe ride, 


Group III. Group IV. Group V. 

a and Ammonjum-sulphide Ammonium-carbonate Potassium Group. 
Group. or Barium Group. 

—= 


Group III bs. 

Ammonium sul- 
{ phide or Zine 
Group. 


* Al | Zine, . . Zn} Barium, -  . Ba] Ammonium, . NH, 
. Fe} Manganese,. Mn| Strontium, . . Sr} Potassium, K 
. Cr | Nickel, . . Ni} Calcium, oan wala) Bodin ic <a ae 
Cobalt,. . Co Magnesium, . Mg 

5 6 7 


is similarly at an end when the presence of one such 
_radicle has been satisfactorily proved. It must, however, 
_ be understood that substances given for analysis are liable 
to contain impurities, which will yield only slight indi- 
cations; if in the course of analysis, therefore, only a 
slight result is obtained, proceed until some substance is 
_ detected in larger quantity, entering against the slight 
result “Trace of a 

The separation and washing of a precipitate by “ decan- 
tation” (23 b, 24 b) is reeommended wherever it is possi- 
ble, as this process is more easily performed than that of 
filtration (23 a); if a precipitate, however, refuses to 
_ settle after heating and shaking the liquid, filtration must 
usually be resorted to, 

Caution.—In every analysis each result must be fully 
entered in the note-book as soon as the experiment has 
been performed, the form of entry being the same as 
that adopted for the directions in the text. 

For examples of substances to be given for analysis va 
Section V, see par. 537. 


*,* The numbers in brackets refer to the paragraphs in the text, 
in which tests or processes to be employed by the student are fully 
described. 
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DIRECTIONS FOR THE ANALYSIS OF A 
SIMPLE SUBSTANCE. 


The substance given for analysis may be either a solid — 
or a liquid. If it is a solid examine by (331 ef seq.) — 
omitting (334), if a liquid is to be analyzed begin at (334). — 


THE SUBSTANCE GIVEN FOR ANABYSIS IS 
A SOLID. 


331. Make a careful examination of the properties of — 
the substance, noting down its color,’ its smell, if it pos- — 
sesses any, also its form—whether it is in powder, crystals, — 
or non-crystalline pieces ; note carefully also any appear- — 
ance or property which may strike you on examining the — 
substance with the naked eye or with the assistance of a 
lens ; after noting down the results of this examination, — 
the substance is powdered as finely as possible. y 

If the substance possesses a metallic lustre or appear- — 
ance, work as directed under (366); if it is not metallic — 
in appearance, proceed to ascertain its solubility by the — 
directions contained in (332), and, according to the result — 
thus obtained, conduct the further analysis of the sub- — 
stance by (333) or by (867). # 


' The salts of the following metals are colored: Cu, blue; Fe’/’7, 
brownish-yellow ; Fe’’, pale green; Ni, Cr, CuCl, green; Mn, delicate ~ 
pink ; Co, reddish-pink. Chromates, light yellow ; dichromates, orange- 
red ; Sb,83, CuO, MnO,, black ; HgO, PbsO,, red ; PbO,, dark brown; — 
PbO, light brown ; Cr,Og, green. t 


ir 


© 832.) 


, The substance 
dissolves. 
: HCl 
fter examining 
aportionof the 
solid substance 
the prelimi- 
ry tests (333) 
and (335-338 a) 
roceed to ex- 
mine the color 
nd reaction of 
she — to 
itmus by (334, 
, II), and, re- 
fer to (339) for 
irections for 
nalysis. 


2. The substance 
dissolves. 


Absence of Group 
I, except pos- 
sibly Pb. 


After examining 
a portion of the 
solid substance 
by the prelimi- 
nary tests (333) 
and (335-338 a) 
proceed to ex- 
amine the HCl 
solution (after 
noting its color, 
see 334, 1) for 
the metal by 
(339). 


eae ee 


SOLUBILITY OF THE 


SUBSTANOE. 
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SoLUBILITY OF THE SUBSTANCE. 


332. Since the method of examination of a solid sub- 
stance depends upon whether it is soluble or insoluble in 
water or acids, the following experiments are tried. 
Place a small quantity of the finely powdered substance 
in a broad test-tube or a boiling-tube, fill the tube about 
one-third with water, and heat to boiling: 


| The substance does not dissolve: heat a fresh portion with dilute HCl to 
boiling; if it does not dissolve, decant and boil the residue with strong 


3. The substance 
dissolves. 


After examining 
a portion of the 
solid substance 
by the prelimi- 


and (335-338 a) 
examine the 
HNOs solution 


(after 
its color, see 
334, I) for the 
metal by (339), 
taking care 
after testing 
for Group I by 
HCl to boil 
down consider- 
ably in a porce- 
lain dish after 
adding a little 
strong HCi,? 
and then add 
dilute HCl be- 
fore testing for 
Group II by 
H,S. 


nary tests (333) | 


noting | 


The substance does not dissolve: put aside the test-tube 
containing the substance with HC], and stir a fresh 
portion of the substance with a little dilute HNO; 
if itis not dissolved, boil. 
dissolve it, heat with a little strong HNOg: 


If dilute HNO 3 does not 


The substance does not dissolve : mix 
together the contents of the two 
tubes in which the substance was 
heated with HCl and with HNOs, 
and heat the mixture: 


4. The substance|5. The substance 
dissolves. does not dis- 
solve. 


After examining 
a portion of the 
solid substance 
by the prelimi- 
nary tests (333) 
and (335-338 a) 
examine the so- 
lution in HNO, 
and HC] mixed 
as directed in 
the preceding 
column (382, 8) 
for the metal 
by (859). 


Examine a fresh 
portion of the 
substance by 
(367 et seq.). 


7 his method of proceeding removes HNO,, which would cause with H,S a deposit of S. 
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PRELIMINARY EXAMINATION OF A SOLUBLE SOLID. 


333. The table is thus arranged: In the first column 
is placed the experiment to be made; in the second a list 
of the results, any one or more of which may be observed ; 
and in the third the inferences to be drawn from the re- 
Confirmatory or supplementary experiments are 
occasionally entered ; they are, however, only to be tried 
when the result preceding them in the second column has 
been noticed. 

A more complete preliminary examination will be 


sults. 


PRELIMINARY EXAMINATION 


found in (387-408). 


Experiment. 


I. Heat a portion of 
the substance in an 
ignition-tube, or in 
a small dry test- 
tube, first gently 
and at last to red- 
ness. 


Conjfirmatory. — Boil 
another portion of 
the substance with 
KHO solution. 

Conjirmatory. — Mix 
another portion of 
the substance with 
about three times 
as much powdered 
NagCOg and KCy 
and heat in an ig- 
nition-tube. 


Observation, 


I. The substance does not change, . . 


II. The substance changes: 


1. Drops of water condense in the top of 


the tube. 
2. The substance fuses easily, . .. . 


3. The substance sublimes, . ce rs 


A smell of NHg is evolved and white 
fumes appear when a rod moistened 
with strong HCl is held to the mouth 
of the tube. 

A gray sublimate of minute metallic glob- 
ules, best seen by a lens. 


A black mirror-like sublimate, . . 
4. The substance blackens, and 
COe, which makes a drop of lime-water 

on a glass rod milky. 


If the cool residue in the tube effervesces 
with HCl, whereas the original sub- 
stance did not. 


.| Presence of a salt 


gives off 


The organie aci 


(338. 


Inferences. 


Absence of volatile, 
fusible and organic. 
substances, and @ 
water. 


Presence of H,0. 


Probable ap of 
a salt of Naor K, 01 
of Ba, Sr, Ca, Mg. 


NH, As, ‘ork 
possibly also 
HoC,0,, of S (y 
low), and of | 
(purple vapor). 
Presence of 
Confirm by Pt 
(52), and proceed 
to (335). a 
Presence of Hg. Pour 
upon the original, 
substance a few 
drops of AmHO, if 
it blackens Hg’ is. 
present, if not, Hg” 
is present. a 
Presence of As. 
Presence of an or- 
ganic acid-radicle, 
probably A, O or T: 
the last is known 
by asmell of burnt 
sugar. q 


radicle is uni 
with K, Na, Ba, Sr, 
Ca,orMg. ° 


333.] 


Experiment. Observation. 


5. Gas or vapor is given off; smell the 
vapor: 
Red nitrous fumes recognized by their 
smell. 
S02, known by its smell and by turning 
K,Cr2O, solution green. 


_ Cl, Br, I, known by smell and color: Br 
and I by action on starch-paste, and Cl 
by bleaching moist litmus. 

A slip of wood with a spark at its end 
glows brightly or bursts into flame. 


The gas can be lighted and burns at the 
mouth of the tube; note the color of 
the flame: 

Pale greenish-yellow: the gas burns ex- 
plosively, and nitrous fumes are seen. 


Bright white, the unburnt gas smells of 
garlic. 


Peachblossom-colored flame, gray subli- 
mate of Hg. 


6. The substance changes color: 


Yellow, hot. White, cold, 
Yellow-brown, ‘“ Yellow, & 
etalon ol « | Red-brown, « 

II. Dip into the pow- | 1, The flame is not colored, . 

dered substance a 

moistened loop of 

latinum wire, and | 2, The flame is colored: 

‘hold the loop in ; 

‘the Bunsen flame;| Inense yellow, e ate a aty . : 

moisten with strong e : 5 

HCl, andagainhold| Pale violet appearing crimson-red 

through the indigo-prism, i 


in the flame. 


indigo-prism, . c - 
Appearing intensered through 


Appearing green through the 
Red | 
the indigo-prism, . 


OF A SIMPLE SOLUBLE SOLID. 
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Inference. 


Yellowish-green, a 2 is 
Bright green with blue centre 
crn} ing with HCl, 


after moisten 
Green, . . : 


Blue Pale blue (livid), . : 


Vivid blue, . - ‘ 


From nitrate of a 
heavy metal. 

From combustion of 
freeS orasulphide: 
possibly also froma 
sulphate, sulphite, 
or theiosulphate. 

From certain chlo- 
rides, bromides, or 
iodides, also free I. 

O from chlorate or 
nitrate, or N,O 
from decomposi- 
tion of NH,NO3. 


Presence of NHs, 
from strongly heat- 
ed NH,NO,. 

Presence of PHg,pro- 
bably from a hypo- 
phosphite. 

Presence of Cy, from 
HgCye. 


ZnO. 
PbO, SnO, or BigQs. 


F €203. 


Probable absence of 
the substances enu- 
merated below. 


Presence of Na. 


“ K. 

is Ca. 

ae Sr. 

bi Ba. 

* Cu. 

Ms B.Oz. 
Presence of As,Sb, Pb. 

be! CuCl. 


n for another metal is continued. 


11f the coloration for Na or K is intense, no further examination for the metal is 
ecessary, but the presence of K should be confirmed by stirring with PtCl, (47). Proceed 
(835). If the coloration is slight, a trace only of the metal is present, and the examina- 
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Experiment. 


PRELIMINARY EXAMINATION 


Observation, 


III. Heat a portion 
of the substance in 
a cavity scooped on 
charcoal, in the 
blowpipe flame. 

Conjirmatory. — De- 
tach asmall portion 
of the white mass, 
place it on red lit- 
mus paper and 
moisten it with a 
drop of water. 

Conjirmatory.--If the 
moist residue is not 


alkaline to test- 
paper, moisten the 
remainder on the 
charcoal with 
Co(NOg)g_ solution 
and heat again 
strongly in the 


blowpipe flame. 


1, The charcoal ‘“deflagrates,” 


rapidly. 


or burns 


2. A white mass is left in the eharcoal 
which does not fuse, and shines brightly 
when strongly heated. 

The red paper becomes blue in a short time 
where the substance rests. 


A blue residue, . 


A pink residue, . 


A green residue, 


. . . . . 


. . . . 


3. The residue is not white and does not 
consist of globules of metal, neither is 
there any incrustation formed upon the 
charcoal; proceed to Exp. IV. 

4, The residue contains metallic globules 
or an inerustation forms on the char- 
Soak proceed to Exp. V, omitting Exp. 


IV. Fuse a 
quantity? 
substance into a 
clear colorless 
borax bead, first 
in the inner, then 
in the outer flame, 
noting in both cases 
the color of the 
bead whilst hot and 
when cold. 


small 
of the 


Confirmatory. — The 
resenece of Cr or 
n may be con- 

firmed by fusing a 
portion of the sub- 
stance on platinum 
foil or wire with 
NagCO 3 and KNO3. 


The bead is colorless when heated in both 


flames. 


The bead is colored: 


In outer flame. 


Blue, hot ; green, cold. 

Blue, hot and cold. 

Brown or dingy 
purple, hot; light 
brown, cold. 

Brown, hot ; yellow, | 
cold. 

Green,? hot and cold. 


Purple, hot and cold. 


In inner flame. 


Red or colorless. 
Blue, hot and cold. 


Gray or black, hot 
and cold, 5 


Bottle-green, 
and cold,. 

Green, hot and cold. 
Colorless, hot and) 
cold, ‘ 


hot 


A yellow mass on cooling, . ° F ° 


A bluish-greenmass on cooling, .  . 


(333. 


Inference. 


Presence of a nitrate 
or chlorate. a 
Presence of Ba, Sr, 
Ca, Mg, Al, or Zn. | 


Presence of Ba, Sr, | 
Ca, or possibly of| 
i ae b 


Presence of Al, or 
possibly of a phos- 
phate, silicate, or 
borate. 

Presence of Mg. 


Absence of the met- 
als below. 


ye Ni. 
oe Fe.? 
< Cr. 
ba Mn. 
sie Cr. 
a2 Mn. 


1 Tt is necessary to adjust carefully the quantity of substance fused into the bead; if 
y J 


much is used, the bead will often appear opaque; if too little is employed, one of the metak 
may escape detection. It is best at first to fuse only a minute quantity into the bead, ad 
ing more if no color, or but a faint color, is produced. 

2 Crif present as a chromate gives a bead brown whilst hot, after having being fuse 
in the outer blowpipe flame; but this brown color is not reproduced in the case of Cr whet 
the bead, after becoming green by being heated in the inner flame, is again heated 
the outer flame. Bs 
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Experiment. Observation. Inference. 


. Mix the substance} Metallic scales or globules are obtained, or an 


oe silicide eg) —__—____—- 
- — aaa 


B in a small cavity on incrustation on the charcoal: 

- wood-charcoal with 

- NasCOg and KCy, Globules. Incrustation. 

and heat strongly in| White and brittle. White, . ; ' - |Presence of Sb. 
| the inner blowpipe) White and britéle. Yellow, . : . i Bi. 
| flame for several Red and malleable. (yr bce 3 * Cu. 
| minutes. White and malleable, 
i ro a paper >| Yellow, . F Vole = Pb. 

If metallic globules’ White aoe malleable, 

are obtained, detach| not marking paper, >|None, . _ = ‘ s¢ Sn. 


one and strike it and readily fusible. 
sharply on the bot- White and malleable, 

tom of an inverted not marking paper, ™ “ Ag. 

mortar with the pes-| fusible only with (|\4°"® - 

tle,and note whether, difficulty. 


RE ee ale a 


it iscrushed to pow- { Yellow whilst hot, 
| der (brittle) or merely white when cold; 
i ang ma he ange a ioe green 
cake (ma le when moistene “ 
| None, . - 3 s sainhi Co(NOg)s f Zn. 
tif the globules are solution and re- 
| white and malle- heated in the 
| able, take one upon outer flame. 
} the point of a pen- None, . . . .|Brown, . “ Ca, 
| knife and see if it None, Bediegias i. os . | White : on smelling} 
| will mark paper as the charcoal a “ ve 
| a black lead-pencil < smell of onions is i 
does. perceived. 


After the completion of the preliminary tests for the metal, 
a a solution of the substance is made according to the directions 
n (332), and this solution is examined as there directed. 


“~~ 


wae a ee 


ee ee 


196 


334. PRELIMINARY EXAMINATION OF A Liqurp. 


PRELIMINARY EXAMINATION 


[334. 


Experiment. 


I. Note the color of 
the liquid. 


Note—If the color 
has to be observed 
by night it should 
be examined by the 
white light obtained 
by burning a_ piece 
of magnesium ribbon. 
Delicate tints are best 
seen by looking 
through some thick- 
ness of the liquid at 
a sheet of perfectly 
white paper. 


II. Dip pieces of red, 
and blue litmus- 
paper into the li- 
quid, 


Observation. Inference. 


Very delicate, .. «+ o>. )|Presence Jof- Mig or) 


Pink. dilute Co solution. | — 
Intense, ; 4 . ‘ < Presence of Co. 
Very delicate, . . ee Fe”, pe Ni or bx 
in dilute solu- 
Green. tion. 
Intense, Se tte ke mete “Ni, Cr; or:@ny 
Reddish-yellow,. . . «| “ Fe” ora sbi 
Yellow. chromate. . 
Light yellow, .  . . «|. neutral > chro-m 
F mate. : 
Gee 


Blue, . . ‘ 4 é 5 
Violet or purple, . . ‘ 5 ry ‘ . 


gan 
- |Absence of Go, NE Ro 
Cr, Cu, ete. q 


The liquid is colorless, a Aha ae 


It is neutral, 


: Absence of free acids} 
(Not affecting the color of either paper.) 


and alkalies, and of| — 
all salts but some of] — 
those of Am, Na, K,} — 
Mg, Ba, Sr, Ca, Ag. 


- |Presence of a free}? 

acid, of an acid salt,| — 
or of asalt with acid] — 
reaction, 


Tt is acid, . > 
(Turning blue paper red. ) 
If, on adding NagCOs to a part of the solu- 
tion and warmin , no effervescence occurs, 
free acid and acid salt are absent. 


Tt is alkatine, . . . |Presence of a hydrate| “ 
(Turning red paper blue.) of K, Na, Am, Ca] 

If the color of the paper becomes only| Sr, or Ba, or ‘of a 
slightly changed it indicates, probably, the salt with’ alkaline] 
presence of an alkaline salt. reaction. 7 
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Experiment, Observation. Inference. 


-|TII. Evaporate (21) A residue is left, . auice ‘ eee . Presence of some dis- 
| some of the liquid solved solid. 
upon athin watch On being strongly heated the residue black- SS 7 ie 
glass’ heated very; ens and emitsasmell of burning, +: ./|Pres.of A, O, or T. 


t- . ip 
ond Pace J a The smell resembles that of burning sugar. |Pres. of T. 


aboveasmall flame 
upon a piece of 
wire gauze, or by 
means of a sand or 


Note.—If the cold residue after ignition ef- 
fervesces with a drop of HCl, whereas the un- 
Lap ae residue did sh the organic acid-rad- 
acinar hath. cle is united with Ba, Sr, Ca, Mg, Na, or K. 
al # The results in Exp. I, par. 333, may be here 
4 ee eine observed and should be noted. 

this gradually int 9 Keep this residue for Exp. VI. 


the flame and heat 
it more strongly. 


No residue is left, Absence of any dis- 


solved solid. 


> 


If the liquid is also colorless, tasteless, and 
without action on litmus-paper, it must con- 
sist only of distilled water, and no further 
examination ofit need be made. Ifthe liquid 
is alkaline, NHg must be looked for; if it is 
acid, HyCO3, HeSO3, HCl, HNO, HeSO,, and 
other volatile acids only need be tested for. 


iTV. Add excess of|A smell of NH,; moist red litmus is turned Presence of NH,. 

| strong NaHO or| blue,and arod moistened with strong HCl No further test need 
KHO solution and| produces white fumes when held in the|be tried for a metal. 
boil (51). mouth of the test-tube. Proceed to (335), 


: Y. Experiment II (page 193) is then tried by dipping the platinum wire into the liquid, 
| concentrated, if necessary, by evaporation. 


_|VI. Experiment TV (page 194) is tried by fusing some of the residue from Exp. HI 
| (above) in the borax bead. 


1 A piece of thin glass from the side of a broken flask is a cheap and useful substitute 
for a watch-glass. 
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PRELIMINARY EXAMIN A 


335. Pour dilute H,SO, in excess upon the substance in a test 
336. A gas is evolved, shown by effervescence or by a charae 


1. Colorless gas\2. Gas smelling of  burning|3. Gas with a most 4. Yellow gas sme 
without smell. sulphur. fetid smell. ing of Cl. { 
A drop of lime A drop of K,Cro0, solution held|A slipof filter-paper|A slip of moi 
or baryta water, in the tube upon the end of aj moistened with al-| litmus-paper he 
held in the tube) glass rod, becomes green: kaline solution of, in’ the tube — 
upontheend ofa) = Presence of a sulphite, PbA, and held | bieached : 
glass rod becomes in the tube, is Presence of a hy 
milky : blackened : 2 
Presence of @ car-\9 q, The SO. gas is given off| Presence of a sul- 
bonate. only after standing for a time| phide. 
or on warming, and yellow S 
separates ; 
resence of a theiosulphate. 


337. Add strong H,SO, in small quantity to a fresh portion o} 
any of the results enumerated below occurs;’ if none of them i 


1. Fumes are evolved with pungent smell and acid reaction |2. The liquid becomes yellow 

to litmus-paper, the liquid is not colored : red, and a chlorous, smell 

Presence of a chloride or nitpate. given off; on warming th 

tube a crackling noise ¢ 

Confirmatory.— Hold in the|Confirmatory—Dropinto the| slight explosion is preé 
fumes a glass rod moistened) acid some small pieces of} duced: 

with a solution of AgNO, Cu; reddish-brown gas is Presence of a chlorate. 

acidified with HNO,;; the evolved: 


solution on the rod becomes Presence of a nitrate. Conjfirmatory.—To a portion 4 
milky: the cold solution of _ th 
Presence of a chloride. substance in water add 
few drops of dilute in 


Confirm by (351). digo solution, then som 
H,SO,; the blue color of th 
indigo is destroyed. : 


338. After heating the tube containing the strong H,SO, and 
porcelain dish for (338 a); rinse out the tube, and dry the inside 
of a fluoride is shown. The presence of a fluoride, if decisivel 

338 a. Add to the liquid in the porcelain dish aleohol, mix by, 
a greenish tinge it shows: Presence of a borate (confirm by 353). 


1 If Pb, Ba, Sr, or Ca is present the addition of H,SOx causes a 
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TION FOR THE Acrp-RADICLE. 


tube, and observe the effect produced ;' then heat to boiling : 
teristic smell; see below: 


| No gas is evolved : 

Test for a cyanide and a Absence of carbonate sul- 
ferro-, ferri-, and sulpho- phite, theiosulphate, sulphide, 
eyanide in the original hypochlorite, nitrite, 


substance by (851). 
Pass on to (337). 


5. Reddish-brown fumes ave. Smell of HCy. 
evolved, best seen by looking 
down the tube at white 


paper. 

On adding a little cold dilute 
H.SO, and FeSO, solution 
_to a fresh portion, a deep- 
- brown liquid: 

Presence of a nitrite. 


7. Smell of vinegar. 
Refer to (337, 4) below. 


he substance, mix well by shaking, heat the liquid and note whether 
Noticed proceed to (338) and (338 a): 


A reddish-brown or viclet color|4. A smell of 


is produced in the acid, and no 
explosion or crackling occurs on 
warming: 

_ Presence of a bromide or iodide. 


on heating the mixture, colored 
vapor is evolved (see note), hold in 
_ the vapor the end of a glass rod 
- covered with moist starch powder; 
_ the starch becomes brown: 
Presence of « bromide. 


_ The starch becomes bluish-black ; 
Presence of an iodide. 


_ Note—The vapor is much more 

easily obtained by mixing the sub- 

stance with MnO, powder, before 
dding H.SO, and heating. 


vinegar is no- 

ticed: 

Presence of an 
acetate. 


Confirmatory.— 
Add to a fresh 
portion of the 
substance some 
alcohol, then 
strong H,SO,; 
afragrant smell 
proves an ace- 
tate. 


5. A mixture of 
CO and CO. 
gases is given | 
off: found by a) 

rop of lime- 
water held in 
the tube being 
turned milky, 
and by the CO | 
burning with a 
blue flame when | 
kindled: 
Presence of an 

oxalate. 


precipitate of the insoluble sulphate; this may be disregarded. 


6. The substance 
blackens and 
evolves gases, 
amongst which 
SO, is recog- 
nized by its 
smell and its ac- 
tion on K,Cr,0, 
solution ; 

Prob. presence of 

a tartrate. 


Confirm by 
(354). 


ubstance, let it stand for some time, then pour the liquid into a 
thoroughly ; if it is seen to be corroded and dimmed: Presence 
indicated here, requires no confirmation. 

tirring, heat the dish and kindle the alcohol; if the flame has 


4 Sion 
> beer 
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339. GENERAL TABLE FOR TE 


If the metal has not been detected in the preliminary 
group it belongs (see table, pp. 188, 189), and then try 


A A part of the solution of the substance, if acid (340), is mixed with dilute HCl (34 


The: precipitate may | Into the same part of the solution (342) H.S is passed, or 


8% is heated to boiling: 

AgCl—white. 
HgeCle— “ The precipitate may be: To a fresh portion of the s¢ 
PbClh— “ HgS—black. [ Caution. —If a tartrate 
Pos— “ evaporating the Figo mn 
Bis “ dilute HCl, and tested 
Cus— * If AmCl and AmHO prod 
CdS—yellow. and warmed. Should 
Examine for the metal (343) or fluoride (338) h 


by Table I (344). 


SnS—brown. The precipitate may be: _ 
SnS.—yellow. Aiding colorless and 
SboS,—orange. x transpa 
AsoS3—yellow. CrgHog—pale green. 


ah aia a brown, 

dingy fee: tu 

Examine for the metal by FeHoo— i brown in 
Table Il (345), 


Examine for the metal by Ta 
Ill a (346). 


If the precipitate is opad 
or white and has none of t 
above appearances refer 
(357). 


If no metal can be found, the substance is probably an acid (see 
334, II). 


Norers TO THE GENERAL TABLE. 


340. If the liquid is neutral or alkaline, a portion of it is made just 
acid by slowly dropping in dilute HNOs; if this produces no precipi- 
tate, or a precipitate which dissolves on adding more HNOs, another 
portion of the liquid is examined by the above table. 

If a precipitate forms which is not dissolved by adding more HNOs, 
it may consist of colorless, gelatinous H,SiO, from a silicate, or finely 
divided §, which is precipitated white from a polysulphide, and yellow 
from a theiosulphate ; or of SnO,, or metastannie acid, or Sb,O, (all 
white); it may also possibly be Sn8S,, AseSs (both yellow), Sb,S, 
(orange- -red), these sulphides being precipitated from a sulphostan- 
nate, sulpharsenite, or sulphantimonite. 

If H,SiO, separates, it is best to evaporate the acidified solution 
quite to dryness, then heat the residue with dilute HCl; any insolu- 
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KAMINATION FOR THE METAL. 


lination, it is most rapidly found by ascertaining to which 
cial tests’ for each member of the group. 


precipitate forms, more HCl is added and the liquid heated : 


er is added to it (343), the liquid is then diluted, and if no precipitate has formed it 


2 AmCl is added, then AmHO in excess ; 

late has been found by (837), some of the solid substance or the residue obtained by 

strongly heated on ae of porcelain, the residue on cooling is then dissolved in 

Cl and excess of Am 

recipitate, a few drops of the original solution are added to some AmHMoO, 
ow precipitate form, indicating the presence of a phosphate, or should a chromate 

n found refer to (357) for the examination of the Group LIT a precipitate. 


the same portion add a few drops of Am:S, or “H,S-water: 

Note —Before adding Am,.S the liquid may be blue, showing presence of Ni, or violet 
n dissolved CroHog; the latter must be precipitated by long boiling in a porcelain 
h before adding Am,S.] 


: precipitate may | To the same portion add Am,COs3: 


- ZnS—white. The precipitate may } To the same portion add NagHPO,, warm 
~MnS—pink. be; gently and shake well; 
a. BaCO,—white. 
; SrCO,— ‘ A white crystal-| The metal still pre- 
CaCO;— ‘“ line precipitate sent may be NH,, 
proves presence| Na, K; it should 
of Mg. have been detected 
the | Examine for the already in the pre- 
metal by Table 1V liminary examina- 
(348). tion by Tests I or 
II (833). 


ble residue confirms the presence of a silicate, it is filtered off, and 
the filtrate tested for the metal by the above general table. 

Any other substance insoluble in dilute HNOs is filtered off, and 
may generally be known by its appearance; further, SnO, becomes 
yellow and Sb,O; orange when moistened with H,S-water ; metastannic 
acid becomes golden-y yellow if moistened with SnCl, solution. 

341. Make a note of any changes which occur on the addition of 
HCl; gases may be evolved (336), or a yellow solution may become 
reddish-yellow, which renders probable the presence of a neutral chro- 
mate. 

342. Before H,S is added, the liquid must be heated, and if any 
smell of Cl or of SO, or brown nitrous fumes should be perceived, 
the solution must be boiled down nearly to dryness, then dilute HCl 
added and H,S added at once. During evaporation gelatinous H,Si0, 
may separate (340). 

343. The following changes occurring on the gradual addition of 
HS are of importance. If the precipitate is white at first, then brown, 
and at last black, the presence of Hg’’ is shown; if the solution is 


17 
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strongly acid and gives a red precipitate becoming black on dilution — 
with H,S-water Pb is present. 

A separation of white 8 may occur accompanied by the following 
changes of color, which are characteristic and should be noted down: 


A reddish-yellow solution changing to pale green indicates a ferric salt. 


A reddish-yellow a 23 bright green eZ chromate. 
A green ae ad colorless 2 manganate. 
A purple Ls « colorless ‘ permanganate, 


The precipitate of S is known by being perfectly white and running 
through a filter; it need not be further Speen | 

A yellow precipitate which forms only on boiling the liquid may 
be As,S, from an arsenate, or Sn8, from a stannic salt. 


344. TABLE I.—SILVER GROUP. 


A white precipitate forms on addition of HCl, and is 
either not dissolved when boiled with HCl, or it dissolves 
and reappears in crystals on cooling, the liquid showin 
the presence of Pb. ‘The precipitate may consist of AgCl, 
PbCl, Hg:Cl.,. 

Let the precipitate settle and decant the liquid: boil 
the precipitate in the test-tube with AmHO: 


1. The precipitate dissolves, | 2. The precipitate does not dissolve: 
at least in part (see note | 
below): 

Presence of Ag. 


The color of the precipitate | The precipitate becomes 
is unchanged : black : 
Presence of Pb. esence of Hg’ 
Mercurosum). 


Confirm by adding excess | 
of HNOsto the AmHO 


solution; a milkiness | Confirm by decanting 


appears. 


Note—Coagulated AgCl 
often dissolves only slowly 
in AmHO, 


the liquid, dissolving the 
precipitate in HA, and 
adding K,CrO, to the 
solution; a yellow pre- 
cipitate forms. 


Confirm by immersing 
a bright slip of copper 
in a portion of the orig- 
inal solution, made acid 
with a few drops of 
HNOs; a gray deposit 
forms on the Cu, which 


becomes white and bright 
when rubbed. 
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B45. TABLE II.—_COPPER AND ARSENIC GROUPS. 
Note the color of the precipitate yielded by H,S: 


1. The precipitate is dark brown or black; it may consist of SuS, CuS, HgS, Bi.Ss, PbS. 


_ Add pure NaHO in excess to a small quantity of the liquid and precipitate, or of the 
cipitate alone after decanting the liquid if possible, and boil: 


precipitate dis-| The precipitate does not dissolve: it may consist of CuS, HgS, BigSs;, PbS. 
lves: to aportion| a. The original solution is blue or green, and becomes intensely blue on 
f the NaHO solu- | addition of excess of AmHO: Presence of Cu. Coufirm by adding a few 
on add HCl in drops of H,S0, to the original solution, and dipping into it a bright 
xcess; brown SnS | knife-blade or piece of steel; a red film of Cu deposits. 

eee peeted: | A. The original solution is colorless. Test in separate portions for 
il another portion 7 i j sa% 

Dake precipitate | Hg, Bi, Pb by the following special tests: 

ter adding a little tmmerse in the acid| Pour another portion of|To a portion add 
ellow Am.S, then | solution a bright | the original solution into! H,SO,, a white 
id HCl in excess;| stripof Cu; agray| much cold distilled| precipitate; 
yellow precipi-| §)m is slowly de-| water; a white precipi- Presence of Pb. 


ite of SnSy: - posited, which be-| tate or milkiness: 

resence of Sn comes brilliant Presence of Bi. The presence of Pb 
(Stannosum). white when should be confirm- 
3 rubbed: | Note—If Bi is suspected | ed by adding to a 


3 »| Presence of Hg” |} and no milkiness appears,| partof the original 
ahaa Sate! (Mercuricum), —_| add eee of AmHO to! solution AmHO in 
ZOU | the liquid; Bi if present r% 
rmed by adding | Caution—A salt of) falls me varies: filter, CRORE SOME Free 
gClp to a part of) Hg’ may have been| pour one or two drops of RCrOcs tad yellow 
e original HCl) converted into an | bouitite HCl upon the pre- be fale bet pea 
ution, a white) Pg” salt during  cipitate, and let them drop cas ye of Pb 
recipitate shows solution in HNQOs.| through into large excess th 
sence of Sn’, The original sub-| of water; a milkiness on 
stance should | stirring shows presence of 
therefore be treated | Bi. 
with AmHO; if it 
blackens Hg’ is 
present, if not 
Hg” was originally 
in the substance. | 


2. The precipitate is yellow : it may consist of CdS, AsgSg, Sn&o. 
Boil the precipitate with NaHO in excess, after decanting the liquid if possible: 


precipitate does| The precipitate dissolves: it may consist of As,8, or SnSg; examine por- 
dissolve: it is| tions of the original solution as directed below: ; 


be 


zizht yellow aad |—AAAA AA 
ulverulent ; Acidify a portion with HCl, and place)! Acidify a portion with strong 
_ Presence of Cd. in it a piece of Zn resting on a piece| HCi, immerse in it some 
. of platinum foil; Sn is deposited on the; pieces of bright Cu and 
E Zn: »0il'; a black film is de- 
‘he presence of Presence of Snv (Stannicum). posited on the Cu: 


| may be con- Presence of As. 
med by showing} The deposit of Sn should be detached 
at the precipitate | from the Zn,-and dissolved by boiling it| Nole—If the yellow pre- 
oduced by H.S/in a test-tube witha little strong HCl, | cipitate formed by HeS  ap- 
solves on being | then HgCly added; a white precipitate | peared at once in the cold, 
jiled with dilute | confirms the presence of Sniv- the As is present as Arseno- 
304. sum; if it formed only on 
boiling, Arsenicum is present. 


3. The precipitate is orange-red : it may consist of ShoS3. 
onfirm by acidifying a portion of the original solution with HCl,and immersing in it a 
¢ce of Zn resting on a slip of platinum foil; a black stain on the platinum (193): 

a Presence of Sb. 


ote.—It. occasionally happens, if the solution has not been sufficiently diluted, that H,S 
es a reddish precipitate with Pb solution; such a precipitate, however, becomes black on 
ding more H.S-water. 
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346. TABLE III a.—_IRON GROUP. 


The color of the precipitate produced by addition of 
AmCl and AmHO will usually indicate whether it con- 
tains Fe, Al, Cr; the following tests may be made in 
confirmation. 

To a portion of the original solution add K HO gradu- 
ally until a precipitate has formed (see note below table), 
then add K HO in excess and stir well, one of the follow- 
ing results will be obtained: 


1. A colorless ge- |2. A pale-green|3. A  reddish- | 4. A dingy green 
latinous precipi- | gelatinous pre- | brown precipi- | precipitate 
tate is produced, | cipitate forms, | tate forms,insol- | forms, insoluble 
which dissolves | which dissolves | uble in excess | in excess of 
inexcessofKHO | in excess of | of KHO. Add | KHO; the pre- 
to a colorless so- | KHOtoa green | KCyS to the | cipitateif filter- 


lution: the pre- | solution; when | original HCl | ed off and ex- 
cipitate reap- | PbOgisaddedto | solution,ablood- | posed to the air 
pearson gradual | this green solu- | red coloration: gradually  be- 
addition of HCl | tion and the | Presence of Fe”. comes brown: 


tothe KHOsolu- | liquid is boiled Presence of Fe". 
tion: and then acidi- : 

Presence of Al. | fied with HA, a 
yellow precipi- 
tate is pro- . 


Presence of Cr. 


Note.—If a colorless gelatinous precipitate has been produced b 
AmCl and AmHO, and is not produced by addition of KHO, a sili- 
cate is probably present. Its presence is confirmed by fusing the solid 
substance in a bead of NaAmHPO, (293); or by evaporating the acid 
solution to dryness, a residue insoluble in acid is SiOg, and may be 
tested by the bead as directed above. 


347. TABLE III 3—ZINC GROUP. 


The color of the precipitate produced by addition of 
Am,S or of HS to the alkaline solution will distinguish Zn 


or Mn from Ni, Co, and Fe, and will usually distinguish | 


Zn and Mn also from one another. See a and b below: 


a. If the precipitate is light in color, add to some of the original 


solution KHO gradually until a precipitate forms, then add KHO in — 


excess. A white precipitate, dissolving in excess of KHO and repre- 


Re ore ee ee 


ee 


a) a a 


a 
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cipitated by addition of H2S proves presence of Zn. A white or brownish 
precipitate, insoluble in excess of KHO and gradually turning dark 
brown when filtered off and exposed to the air shows presence of Mn. 

b. If the precipitate is black it will consist of either CoS or NiS or 
possibly of FeS; the distinction of the metals Ni and Co by the color 
of their solutions—Ni being green, Co pink—and by the colors they 
impart to the borax bead is quite simple. FeS is only precipitated 
here from a dilute solution of a ferrous salt; Fe’’ is best detected by 
(346). 


348. TABLE IV.—BARIUM GROUP. 


Dip a loop of platinum wire into the original solution 
or into the HCI solution of the precipitate produced by 
Am,CO,, and hold the wire in the Bunsen flame. If the 
flame coloration thus obtained is not decisive, employ the 
tests placed at the foot of each column as confirmatory : 


A yellowish-green flame: | A crimson flame, appear-| A red flame, appearing 


Presence of Ba. ing deep red through dingy-green through 
the indigo-prism : the indigo-prism: 
Confirmatory.—Add CaSO, Presence of Sr. Presence of Ca. 


to a perfectly cold por- 
tion of the HCl solu- | Confirmatory.-Add CaSO, | Confirmatory.-Add CaSO, 
tion; a precipitate toa perfectly cold por-| to part of the HC] solu- 
forms immediately. tion of the HC! solu-| tion and boil; no pre- 
tion ; no precipitate is cipitate. To the rest 
Note.—A brilliant green produced, but a pre-| add AmHO in excess, 
coloration may be pro-| cipitate appears im- and Am»C20,4; a white 
duced by H3BOs. mediately on boiling. precipitate forms, 


EXAMINATION FOR THE ACID-RADICLE. 


349. If the acid-radicle has not been found already in 
the preliminary examinations (335-338 a), or during 
the examination for the metal (341, 343) or elsewhere, 
it must be tested for as directed below. Since the’solu- 
bility of the substance (332) and the metal it contains 
are known, much trouble is usually saved by referring 
to the “Table of Solubilities” (455-458). Thus a salt 
of the metal found, which is insoluble in water, cannot 
be present if the substance is soluble in water or is a neu- 
tral liquid ; and an insoluble salt cannot be present in 
an acid solution or in a substance which is soluble in 
acids. 


i 


206 EXAMINATION OF A SUBSTANCE [350,35]. 


For the tests given below, use separate portions of the 
original substance; try the tests in succession until an 
acid-radicle is found. 


350. Acidify a portion of the liquid, or if a solid dis- 
solve it, with dilute HCl and add BaCl,. If Pb, Hg’, or 
Ag has been found acidify with HNO, and add Ba(NO,),, 
since HCland chlorides would precipitate the above metals 
as chlorides. A white precipitate forms which does not 
disappear on boiling: Presence of a sulphate. 

351. Acidify a portion of the liquid, or if a solid is 
being examined dissolve the solid with dilute HNO, ; 
filter off any precipitate or residue which may form, and 
add AgNO, solution ; a precipitate forms, which does not 
disappear on warming. Note the color of the precipitate ; 
and according as it is white, yellow, or orange, examine 
it by 1, 2, or 3: 


1. The precipitate is white; it may consist of AgCl, AgCy, Ag,FeCyg, or AgCyS. 
Make a portion of the original solution just acid with HCl, then add 
Fe,Cl,: 


A deep-blue precipitate: A blood-red coloration: 
Presence of a ferrocyanide. Presence of a sulphocyanide. 


If FeCl, has yielded neither a precipitate nor coloration, indicating absence 
of a ferro- and sulphocyanide, decant the liquid from the precipitate caused 
by AgNOs, pour upon the precipitate some strong HNO, and boil. 


= 
The precipitate remains The precipitate dissolves: 
undissolved : Presence of a cyanide. 
Presence of a chloride. Confirm the presence of a cyanide in a portion of 


the original solution by boiling it with FeSO,, 
Feo0)Jg, and KHO, and acidifying with HCl; a blue 
precipitate: Presence of a cyanide. , 

| 


2. The precipitate is yellow, and may consist of AgBr | 8. Orange-red precip- 
or AgI. itate. 
Test some of the original solution for an iodide by | Make a_ portion of 


adding to it starch solution and KNOg, solution, the original solu- 
then acidifying (if not acid) with HCl; a deep-blue tion just acid with 
coloration: Hel, then add 

Presence of an iodide. FeSO, solution; a 


deep-blue precipi- 
If an iodide is not thus detected, add to another por- tate shows: 
tion of the original solution several drops of Cl- | Presence of a ferro- 
water; if the liquid becomes yellow, and on being cyanide. 
shaken with CS, colors that liquid reddish-brown, 
+ it shows: 
Presence of a bromide. 


eee ee a a 
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Note—If Hg has been found, HgCy, may be present, notwithstand- 
ing the formation of no precipitate with AgNO . If not already de- 
tected in (333, I), refer to (306, Note 2, p. 180). 


352. Acidify some of the original liquid, or if it is a 

_ solid dissolve it with dilute HNO,; filter if necessary, 

add a small quantity of this acid solution to some 
AmH MoO, solution, stir well and warm gently: 


A yellow precipitate shows : If no precipitate forms heat to 
boiling ; the formation of a yel- 


eat @phonphate, low precipitate shows: 


Presence of an arsenate. 


The presence of a phosphate or arsenate may be confirmed by dis- 
solving the yellow precipitate, separated by filtration or decantation, 
by pouring upon it a littke AmHO; on adding to this solution AmCl 
and MgSO,, a crystalline precipitate will form, which is to be filtered 
off and washed with a little cold water: several drops of AgNO, solu- 
_ tion are poured upon this precipitate on the filter; if it becomes yel- 
_ low a phosphate is present, if brown an arsenate is present. The pres- 
_ ence of an arsenate is further confirmed by a yellow precipitate 
(As28s) appearing with HeS when the liquor is boiled. 


solid stir it with HCl; dip into this solution a piece of 
turmeric-paper, and dry the paper ata gentle heat; if 
the paper becomes reddish-brown when dry, and changes 
to dingy green or blue-black when moistened with AmHO, 


353. Acidify a portion of the original liquid, or if a 
| the presence of a borate is shown. 


354. The acid-radicles, one of which may still be pres- 


ent, are "T’, ’C,O,, and ’F. If the metal found belongs 
to Groups I, II, III, or LV, the examination for one of 
_ these radicles must be begun at (356); if the metal pres- 
ent is K, Na or NH, examine by (355). 

355. Make the solution just alkaline with AmHO, 
then add CaCl, solution in some quantity, shake well 
and let stand if no precipitate forms at once: the pre- 

liminary examination (337) will usually have indicated 
_ which of these acid-radicles is present, and thus show 
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according to which of the three columns below the precipi- 
tate is to be further tested : 


I. A crystalline precipitate, ap- | II. A white eames pre- |TII. A gelatinous floc- 
pearing after some time, shows cipitate shows probable | culent precipitate 
probable presence of a tartrate. presence of an oxalate. shows probable pres- 

ence of a fluoride. 


Confirm by 1 or 2 below: 


1. Decant the liquid from the | The presence of an oxalate, | Confirm by filtering 
precipitate, add a little water | already indicated by the| and warming some 
and a single drop of AmHO,| test in (337, 5), must be!| of the precipitate, 
drop in a small crystal of | confirmed either by warm-|° or of the substance 
AgNOgand warm very care-| ing some of the original) if solid, in a small 
fully; a mirror is formed) substance with MnO, and| cup of lead or plat- 
below the crystal, presence of | HoSOg. and testing for! inum with strong 
a tartrate. This test may be} COggas (319); or by the} H»SO,; fumes will 
tried also with the original} more tedious method of| be evolved which 


solution by (322). filtering off and drying| etcharproperly pre-| — 
2. On acidifying some of the) some of the above precip-| pared watch-glass ; 
neutral original solution with | itate of CaC,0,., then! (296). ‘ 


HA and adding alcohol and| igniting it and_ testing 


KA (unless K or NH, has rEg neo se with HCl 


been detected in the sub- 
stance), and stirring or shak- 
ing well, the formation of a 
crystalline precipitate shows 
presence of a tartrate. 


356. An oxalate or fluoride of Ba, Sr, Ca or Mg will 
have been already detected. A tartrate of any one of — 
these metals is found by gently heating the finely pow- 
dered substance if it is solid, or the neutral solution if a | 
liquid, with very dilute AmHO and a erystal of AgNO,: 
the formation of a mirror shows presence of a tartrate. 
If a metal of Groups I, II, or III has been found, the 
metal must be separated before testing for the acid- 
radicle, 

If the metal belongs to Group I or II, make the 
original solution just acid with HCl, and add H:S solu- 
tion or pass H.S (500 a) into the liquid for about five 
minutes; filter off the precipitate and add more H.S to 
the filtrate; if no more precipitate forms,’ boil in a por- 
celain dish until the liquid ceases to smell of HeS, and 
examine by (355). 


1 Tf any further precipitate forms add more of the reagent, filter, 
and test again by adding more of the reagent; this addition of re- 
agent, filtration, and testing the filtrate is repeated until no further 
precipitate forms on addition of the reagent to the filtrate. 


fe beg ty" 


357, 358.] EXAMINATION OF GROUP IIIA. 209 


If the metal belongs to Group III add AmCl, AmHO 
till alkaline, then Am,S: boil and filter, add to the fil- 
trate Am,S if no more precipitate forms (see footnote, 


page 208), add HA in excess, boil, filter off S if neces- 
sary, and examine by (358). 


Note.—If no acid-radicle can be found in any quan- 
tity and the substance is not metallic in appearance, it is 
probably an oxide or a sulphide; most sulphides yield a 
sulphate or sulphuric acid when boiled with strong 
HNO,, which may be detected after dilution by (350); 
an oxide may often be known by its color (see footnote, 
page 190) or by some other special property or test, e. 7., 
MnO, by evolving Cl when heated with HCI, Pb,O, by 
leaving brown PbO, when treated with dilute HNO,. 


EXAMINATION OF GROUP III a. 


357. The precipitate formed by addition of AmCl and 
AmHDO to the solution of a substance insoluble in water 


3 may consist of Al,Ho,, Fe,Ho,; Cr,Ho,; or of Fe, Al, 
_ Cr, Zn, Mn, Ni, Co, Ba, Sr, Ca, Mg as phosphate or 
- oxalate; or of Ba, Sr, Ca as chromate or fluoride. The 


systematic examination of a precipitate in Group III a 


_ for these substances is a difficult matter; such an exam- 


ination is, however, only necessary when an oxalate 


(337, 5), a chromate (343), or a fluoride (338) have been 


already detected, or when a phosphate is found. If a 
precipitate forms in Group III a, and the above acid- 


 radicles are absent, proceed as directed in (346); if the 
_ above acid-radicles are present, the metal, unless cer- 
_ tainly detected during the preliminary examination, must 


be tested for as directed below. 
358. Note the appearance of the precipitate caused 


by AmCl and AmHO, then add Am5S to the liquid and 


precipitate, stir well, and note again the appearance of 


_ the precipitate: examine further by 1 or 2 (page 210). 
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1. The precipitate after addition of Am,S is Sieh ;itmay 
4 
consist of FeS, CoS, or NiS; the means of distinguish- ; 
ing these three metals is given below. Note first the 
color of the original solution (334, 1). | 
The color of theoriginal |b. The color of |c. The color of the original solution was j 
solution was yellow | the original| green: Presence of Ni or Fe’. E 
or reddish-brown : solution was 3 
Presence of Fell. pink, or pos- | Note the effect which was apes: by : 
(Ferricum.) sibly blue,be- | the addition of AmCl and AmHO: 4 
coming pink : 
This is confirmed by | on dilution: . : 
the precipitate pro- | Presence of Co.| 4 blue solution was | A dingy-green pre- 3 
duced by AmC]} and produced: py: Sg which, Bi 
AmHO in the origi- | The presence Presence of Ni. when shaken D 
nal solution having | of Co may be round in a por- : 
been pale-yellow or | coufirmed by |The presence of | celain dish and ¥ 
reddish-brown, and| adding ex-| Ni may be con-| left for several| 
becoming black on | cess of KHO| firmed by adding | minutesexposed | 
addition of Am,S. to the origi-'! gxeess of KHO| to the air, be- 
As a confirmatory | nal solution;| to 4 part of the | comes brown: é 
test add toa portion | ablueprecip- | oyjginal solution; | Presence of Fe’. % 
of the original solu- | itate turning | 4 |juht-green pre- (Ferrosum.) 
tion, acidified with | red on boil-| cipitate shows the 5 
HCl if necessary, a | ing shows the presence of Ni. Confirm by adding i 
few drops of KCyS | presence of Co. K,Cfy. to some] 
solution ; a blood-red ; Ni will also have| of the original] 
coloration is pro-|Co will also | een detected by | solution, acidi-| 
duced. have been! its borax bead] fied with HCl| — 
detected by | (333, IV). if necessary; a] 
its borax dark-blue ‘pre-| 
bead (833, cipitate is pro-| 
IV). duced. . 
: 
3 
& 
2. The precipitate, after addition of Am,S, is white or — 
light-colored.—It may consist of Cr,Ho,, Al,HO,, ZnS, 7 
Mn8; [or of BaCrO,, or Ba,-Sr, Ca, Mg, as phosphate, 3 
oxalate, fluoride, silicate, or possibly borate.] The — 


« 


substances in brackets can, however, only be present — 
if the liquid given for analysis was acid in reac- 
tion, or if a solid was given which was insoluble in | 
water. 

To a small portion of the original solution add 
KHO drop by drop until a precipitate is produced. — 
(See note below the table.) Note the color and ap- — 
pearance of this precipitate, then add a larger quantity 
of KHO and stir or shake well; one of the following 
results (a or b) will be noticed : 


+ 
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a. The precipitate at first produced by K HO redissolves 
when the KHO is added in larger quantity ; indicating 


the presence of Al, 


of the precipitate : 


Zn, or Cr. 


Note the appearance 


| A pale-green flocculent precipi- 
| tate: 
Presence of Cr. 


| Confirm by boiling some of the 
green KHO solution with lead- 
apices (PbO); a yellow liquid 
s obtained, which, if decanted, 
jyields a yellow precipitate on 
| addition of HA in excess. 


| The color of the solution and of 
| the borax bead will also have 
- detected Cr. 


Note.—If the Cr was present as 
|a chromate, AmCl and AmHO 
| will have yielded no precipitate ; 
| but there will have been a green 
precipitate on addition of Am,S 
and heating. 


- 


| 
4 


A white precipi- 
tate, which is re- 
precipitated from 
the KHO solu- 
tion, by addi- 
tion of a few 
drops of H.S- 
water, but is 
not reprecipi- 
tated by addi- 
tion of AmCI: 
Presence of Zn. 


Confirmed by no 
precipitate hav- 
ing been pro- 
duced by AmCl 


and AmHO, but | the original liquid must have 


a white precip- 
itate by addi- 
tion of Am,S, 
or of H.S after 
AmHO. 


"A white flocculent precipitate, not 
reprecipiiated from the HO 
solution by addition of a few 
drops of H,S-water or by boil- 
ing, but reprecipitated immedi- 
ately if sufficient AmCl solu- 
tion is added: 

Presence of Al (see note). 


Note—A\PO, is precipitated 
here also, and is soluble in KHO, 
but differs from AlgHog in being 
reprecipitated from the KHO 
solution by addition of excess of 
HA; if PO, has been detected 
the analysis is finished. AIPO, 
is soluble only in acids, hence 


been acid or the original solid 
substance insoluble in water. 


ine silicate. 


filtrate for K or Na. 


A while or dingy-yellow pre- 
| cipitate, rapidly darkening 
when shaken in the air: 

Presence of Mn. 


Confirmed in the prelimi- 
| nary examination by pro- 
ducing a green mass when 
fused with Na,CO, and 
KNOsg, and by no precipi- 
| tate having been produced 
on addition of AmCl and 
AmHO, unless the solution 
| was exposed for some time 
to the air. 


A pale-yellow 
not darkening in the air: 
this precipitate will also 
have been produced by 
AmCl and AmHO and its, 
color will not have been 
altered by addition of 
Am,S: 

Presence of BaCr Ox. 


liqnid to 
H,8 (343). 


Note-—Sometimes a flocculent precipitate is produced on adding 
AmClI and AmHO to the original solution, and yet no precipitate is 

roduced by KHO; this renders probable the presence of an alka- 
In this case evaporate a portion of the solution to 
dryness with HCl; warm the residue with HCI: 
residue is left, the presence of a silicate is proved; filter and test the 


if any insoluble 


b. The precipitate at first produced by KHO does not re- 
dissolve on addition of more KHO; the precipitate 
will have one of the following appearances : 


Ba has been already con- 
Jirmed hy the flame colora- 
tion (333, II), and a chro- 
mate by the change of 
color of the orange-red 
green on adding 


precipitate, 


A white precipitate, not dark- 
ening in the air: 


Presence 0° Ba, Sr, Ca, or 
Mg as phosphate, oxalate, 


etc, 
Pass on to (359). 
Note.—This precipitate can 


only be formed if the origi- 
nal solution was acid. 


212. EXAMINATION OF A PHOSPHATE. [359, 360. 

359. The precipitate may consist of Ba, Sr, Ca, or 
Mg as phosphate, oxalate, borate,’ fluoride, or silicate. 

Examine for the metal and acid-radicle as directed 
below, working through the columns from left to right, 
unless the presence of a phosphate (339), oxalate (333, 
I, 4, or 337, 5), borate (334, V, or 333, II, or 338 a), or 
fluoride (338) has been already proved, in which case 
proceed at once to examine according to (360), or by 
column 1, or 2, or 3 below. 

If this precipitate is proved to contain a phosphate, 
oxalate, borate, fluoride, or silicate, the further examina- 
tion for an acid-radicle becomes unnecessary. : 


2. Stir some of 
the precipitate 
produced hy 


1. Add AmHO in 
excess to a por- 
tion of the origi- 
nal solution,? fil-| AmHO,? column 
ter, dry the pre-| 1, on a watch- 
cipitate and heat} glass,witha little 


3. Place another |4. If phosphate, ox- 
portion of the} alate, borate and 
Pie charg 3 pro- fluoride have 

ced byAmHO,?|_ been prov d to 
column 1, in aj be absent, a sili- 
leaden cup or| cate is probably 


a portion of it to 
a dull red heat 
for several min- 
utes on _ plati- 
num foil. 

Place the foil in 
a test-tube and 
pour afew drops 
of dilute HCl 
upon it; if the 
residue dissolves 
with efferves- 
cence, it shows 
the presence of an 
oxalate. 


Test this HCl so- 
lution for Ba, Sr, 
Ca, Mg, by (33894, 
using it as the 
original — solu- 
tion. 


If the ignited pre- 
cipitate does not 
dissolve with ef- 
fervescence, pass 
on to column 2. 


water to which 
a few drops of 
HCl have been 
added, until the 


precipitate is dis- | 


solved. Dip into 
the liquid a slip 
of turmeric-pa- 
per, and dry at 
steam heat; the 
slip appears red- 
dish-brown, and 
becomes "dingy 
green when 
moistened with 
AmHoO: 
Presence of @ 
borate. 


Examine for the 


metal present by | 


(361). 


If a borate is not | 


found, 
to column 3. 


proceed | 


platinum cruci- 
ble, add stron 
H.SO, and warm 
gently, covering 


the vessel with. 


a _watch-glass, 
which has been 
coated with a 
film of wax and 
has had charac- 
ters traced with 
a sharp point 
through the wax 
(296); the glass 
is etched ; 
Presence of @ 
Jluoride. 


Examine for the 


metal present by 
(361). 


If no fluoride is 
found, proceed 
to column 4. 


present. 


7 Test for it 


par. 361 


360. Examination of a Phosphate—Explanation of Method.—In 


order to detect Ba, Sr, Ca, or Mg present as phosphates the PO, 


1 Borates of Ba, Sr, and Ca, are rarely precipitated in Group ITI, 
since they are soluble in the AmCl formed on adding AmHO to the 
HCl solution. 

* If a solid is being examined, a portion of the original solid is — 
employed for this test, instead of the precipitate produced by AmHO 
in the HCl solution. 
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must be removed from the solution and the metal left as chloride. 
This is effected by neutralizing all HCl and leaving the solution 


acidified only by free HA; by gradual addition of FesCl, and boiling 
all PO, is precipitated as FePO:, which, though soluble in HCl, is 


perfectly insoluble in HA. On filtering, FePO, remains upon the 
filter, and the filtrate contains the metal (Ba, Sr, Ca, or Mg) as chlo- 
ride, and is perfectly free from phosphate. 


Method.—Add to a portion of the cold original solu- 
tion AmHO drop by drop, whilst constantly shaking the 
liquid, until a slight precipitate is formed which does not 


disappear by shaking; then add HA and NaA solution, 
and drop in Fe,Cl, until the liquid, after being well 
shaken, has a brown or red color; boil and filter im- 
mediately. The precipitate is thrown away. To the fil- 
trate AmC] is added, then AmHO until it is just in 
excess, boil and filter; the liquid or filtrate, which must 
smell strongly of NH,, is then tested for Ba, Sr, Ca, and 
Mg by (339), this liquid taking the place of the original 
solution. 


If any precipitate is formed by Am2COs, it must be well washed 
several times with boiling water to remove Na, since else the intense 
yellow coloration of Na would mask that of Ba, Sr, or Ca. 


361. A portion of the original substance is placed in 
an evaporating basin, which is then nearly filled with 
dilute HCI, and the liquid is entirely boiled away’; the 
dish is once more filled with acid, and again evaporated 
to dryness ; the residue in the dish is then warmed with 
dilute HCl, and filtered if any residue is left : 


| Solution : the HCl solution is examined | Residue : if any resi- 

for Ba, Sr, Ca, Mg by (339), this so-| due remains in- 

lution being treated as is there di-| soluble in HCl, it 
rected for the original solution. proves: 

| Presence of a silicate. 


The evaporation to dryness with HCl removes HsBO3 and HF, 
which volatilize, whilst SiO, is left insoluble in HCl, and therefore 
remains as an insoluble powder on afterwards warming with HCl; 
this residue of SiOz also remains, however, if HF was present, being 
caused by the corrosion of the dish; since, however, HE if present 
has already been found, no notice will then be taken of the residue. 
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THE SUBSTANCE POSSESSES METALLIC 
LUSTRE. 


366. This shows the probable absence of an acid- 
radicle. The only non-metallic elements likely to be 
present are free carbon as graphite, free iodine, or com- 
bined sulphur, since several sulphides are decidedly me- 
tallic in appearance.’ The presence of the metals Ni, Co, 
Fe in the free state, and of Fe,O,, may be shown by the 
substance being attracted by a magnet. Pb, or graphite, 
will be recognized by marking paper when rubbed upon 
it, as a black-lead pencil does; the mark due to Pb dis- 


(366. 


appears if wetted with dilute HNO,. 


PRELIMINARY EXAMINATION. 


Experiment. 


Observation. 


I. Heat a portion 
of the substance 
in a small ig- 
nition-tube (10). 


II. Heat a portion 


in the inner 
blowpipe flame 
in a cavity 
scooped on a 
piece of wood- 
charcoal, 


III. Place a por- 


tion of the sub-_ 


stance in a piece 
of hard glass tube 
open at both 
ends, and heat it 
strongly in the 
Bunsen flame, 
and afterwards 
in the blowpipe 
flame if neces- 
sary. 


1. A black lustrous mirror forms, 


| 2. A yellow sublimate forms, melting, 


when heated, to brown drops, . 

3. Violet vapor is given off, condens- 
ing to black scales on the sides of 
the tube, . 

If the substance sublimes entirely 
in violet vapors, . : : ; 


1. Smell of garlic, . 

2.Ifan incrustation forms, refer to 
par. (333, V),where in the second and 
third column will be found the ap- 
pearance of the inerustation and the 
metal whose presence it indicates. 

3. Smell of burning sulphur, 

4. A green flame coloration, 


1, A gas is evolved from the upper 
end which smells of burning sul- 
phur and turns a piece of filter- 
paper moistened with KgCrs0, solu- 
tion green, 

2. The substance burns completely 
but slowly away, glowing when 
strongly heated. This effect is best 
seen by heating it strongly on Pt- 
foil by directing the blowpipe flame 
on the under surtace of the foil, 


Inference. 


Presence of As. 


Presenee of S. 


Presence of I. 
Iodine alone is 
present. 


Presence of As. 


Presence of S. 
Presence of Cu. 


Presence of S, 


Presence of C. 


1 The most common sulphides which possess metallic lustre are 


“copper pyrites” and “iron pyrites,” 
pearance; and “galena,”’ 


resembling lead. 


which resemble brass in ap- 


—— 
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After completing the preliminary examination proceed 
as directed under (332). 

No acid-radicle need be tested for except S; a portion 
of the substance is dissolved in strong HNO,, and after 
diluting with water H,SO, is tested for by BaCl,; if a 
white precipitate forms insoluble on boiling, it confirms 


the presence of S. 


THE SUBSTANCE IS INSOLUBLE BOTH IN 
WATER AND IN ACIDS. : 


367. It may consist of any one of the following sub- 
stances, those included in brackets being less likely to 
occur than the others, since they are soluble in sufficient 
water or.acid on heating. As will be seen below the 
color serves to give some notion as to what substance is 
present. 


1. White: BaSO,, SrSO,, (CaSO,), PbSO,, (PbCl),, 
ag SiO,, (A1,O, ignited), SnO,, Sb,O,, Sb,O,, 
CaF’.. 

2. Dark-colored: ignited Fe,O, (dark-brown or black), 
ignited Cr,O, (dark green), FeCr,O,, and ignited 
PbCrO, (dark brown), C (black). 

3. Yellow: S, AgBr,' AgI,* (PbI,). 


An insoluble silicate may also be present. 
For a fuller description of these substances see (475). 
According to the color of the substance examine it by 


(368 or 369). 


368. The substance is white. If sufficient substance 
is at hand try the following preliminary tests, if not, pro- 
ceed at once to (868). Pour upon a small portion a 
drop of Am,S; if it blackens the presence of Pb or Ag is 
probable, if it becomes yellow or orange-red the presence 
of Sn or Sb is probable; pass to Test ILI in the follow- 
ing table. 

Tf no change of color is produced by Am,S, try Tests 
T and II. 


1 Darkens quickly in sunlight, and slowly in ordinary daylight. 
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ve Experiment. 


Observation. 


Inference. 


I. Moisten a clean loop 
of platinum wire, im- 
merse it in the powdered 
substance, and heat the 
adhering powder for a 
short time strongly in 
the inner  blowpipe 
flame; moisten the loop 
with a drop of strong 
HCl, and hold it in the 
Bunsen flame. 


A yellowish-green flame. 


A crimson flame, appear- 
ing deep red through 
the indigo-prism. 


A reddish flame, appear- 
ing dusky green through 
the indigo-prism. 


II. Fuse a portion of the 
substance, mixed with 
Na,CO, in fine powder, 
ina cavity scooped upon 
a piece of wood-char- 
coal, in the inner blow- 
pipe flame, produced 
from a spirit-lamp flame. 


III. Mix some of the 
finely powdered sub- 
stance with powdered 
Na,COg and KCy, on a 
small cavity made ina 
piece of wood-charcoal, 
and heat the mixture 
in the inner blowpipe 


flame. 

If metallic globules form, 
detach one and strike it 
smartly with the pestle 
on the inverted mortar. 
Also take a globule on 
the point of a penknife 
and try if it marks pa- 
per as black lead does. 


The cooled mass, if de- 
tached from the char- 
coal, placed upon a 
bright silver coin, and 
moistened with water, 
gives, when crushed 
with the blade of a 
knife, a black stain. 


Presence of Ba. 


Presence of Sr. 


Presence of Ca. 


Presence of a sulphate. 
Note.—If SO, is not 
found, test for F by (338 
or 296), or examine the 
substance by (368 a). 


White metallic malleable 
globules, which mark 
paper, and if dissolved 
in HNOg, give a white 
precipitate with HgS0,; 
a yellow incrustation is 
also formed on the 
charcoal. 

White metallic malleable 
globules which do not 
mark paper; they dis- 
solve in HCl, the solu- 
tion giving a white pre- 
cipitate with HgCls. 

White metallic brittle 
globules, which if dis- 
solved in boiling HCl, 
give an orange-red pre- 
cipitate with HS: white 
incrustation, 

White scales, no incrus- 
tation: the metal is 
insoluble in HCl, and if 
dissolyed in HNOs gives 
no precipitate with 
H.SO, but a white pre- 
cipitate with HCl; the 
original substance is 
instantly blackened by 
a drop of Am,S, and is 
dissolved on 
warmed with AmHO. 


being | Presence of AgCl. [See 


Presence of Pb as chloride, 
sulphate, or chromate, 
Refer to the note below 
this table. 


Presence of SnOo. 


Presence of Sbe0, or Sbo05. 


also (368 a).] 


Note.—Boil some of the substance with much water, add HNOs and 
AgNOs; a white precipitate shows presence of PbCl,. 

Test for chromate by fusing in a porcelain crucible with NazCOs + 
K2CO3; a yellow mass on cooling shows presence of PbCr Os. 

The presence of PbSOs may be proved by Test I, and by pouring 


upon the original substance HA, then excess of AmHO, and boiling; 


EE ee ee ee eee 
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the substance will dissolve; acidify a portion of the solution with HA, 
and add K,CrO, ; a yellow precipitate: Presence of Pb. Acidify an- 
other portion with HCl, and add BaCl,; a white precipitate insoluble 
on boiling: Presence of SO,. 

If none of the substances mentioned in the above table 
have been detected, test for Al,O, by heating the sub- 
stance strongly on charcoal in the outer blowpipe flame 
after moistening it with Co(NO,), solution; a blue mass 
shows presence of Al,O,. . 

If Al,O, is not found fuse some of the substance in a 
clear bead of NaAmHPO,; it floats undissolved: Pres- 
ence of SiO,, or a silicate. Proceed to (368 a). 


368 a. Fuse a portion of the finely powdered sub- 
stance, mixed with two or three times as much fusion 
mixture, for several minutes on a piece of platinum foil 
(or if Pb or Ag is present, in a porcelain crucible) in the 
blowpipe flame; boil the cool mass with water, filter and 
wash the residue. 


Kexamination of the Undissolved Residwe.—Heat the 
residue with dilute HNO, ; if it is not dissolved in a short 
time, decant and keep the HNO,, and heat the residue 
with a small quantity of dilute HNO, and HCl mixed ; 
if the residue is still undissolved it has been insufficiently 
fused. 

The acid solution is then examined for the metal 
by (339). 


Examination of the Water Solution—When the metal 
present has been detected, it will usually be possible to 
limit the number of acid-radicles which need be tested 
for by referring to the list in (367). Tests are given be- 
low for all acid-radicles likely to occur in insoluble sub- 
stances. Separate portions of the water solution are to 
be used. 

Sulphate: acidify a portion with HCl and add BaCh ; 
a white precipitate. Y 

Chloride: acidify a portion with HNO, and add 
AgNO,,a white precipitate easily solublein AmHO. If 
the precipitate has a yellow tinge and is not easily soluble 
in AmHO, add toa fresh portion of the water solution 
dilute Cl-water drop by drop, shaking well between each 
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addition; a brown coloration of the CS: shows a bromide, 
a violet coloration an iodide. 

Silicate: make a portion acid with HCl and evapo- 
rate to perfect dryness; if on warming with dilute HCl 
an insoluble residue is left, this proves the presence of 
silica or u silicate. 

Fluoride: acidify with HA and add CaCl; a gelatin- 
ous white precipitate forms. Confirm by tests (338 or — 
296) tried on some of the original substance. 


369. The substance is dark-colored. (See 367, 2.) 

Place some of the substance on a piece of platinum 
foil and heat the foil strongly on its under surface by the 
blowpipe flame : 


The substance burns away | The substance does not burn away ; place upon it 
slowly but completely: | three or four times as much powdered NagCOg 
- and KNOsg, and fuse for some time: 
Presence of C. 


. 
; 
§ 
1 


| 1. The substance dissolves, forming a yellow 
| mass whencold: Presence of Cros. 


2. The substance remains undissolved asa dark- 
brown powder, and the mass on cooling is 
white: Presence of Feo03.2 Coufirm by boil- 
ing the mass with water, filtering and fusing 
the brown residue into a borax bead (100). 


The substance is yellow (367, 3). 


Heat a portion of it strongly in a small ignition-tube ; 
one of the following results will occur : 


Jt fuses and sublimes, the subli- | It fuses but does not sublime 
mate being yellow and melt- | Examine a portion of the sub- 
ing to reddish-brown drops stanee for Ag and Pb and for 
when heated: Br and I by (368 a). 

Presence of S. 

Note—If the substance sublimes en- 

tirely it consists only of sulphur. 


1 FeCr,O, shows both reactions 1 and 2, since it contains both 
Fe and Cr. 


gee 
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ANALYSES OF SIMPLE SALTS, SHOWING 
HOW TO ENTER RESULTS. 
A. Liquid given for analysis. 


Preliminary Examination for the Metal. 


; 
: 


Experiment, 


1. Noted the color of the 
liquid. 


2. Dipped into it a piece 
of blue litmus-paper. 


3. Evaporated a few 
drops slowly upon a 
watch-glass. 

Ignited the residue 
strongly. 


4. Added KHO solution 
and boiled. 


5. Dipped a loop of plat- 
inum wire into the 
solution and held it in 
the flame. 


6. Dipped a clear borax 
bead into a portion of 
the residue from 3.and 
fused in the owerand 
inner blowpipe flames. 


Observation. 


Inference, 


Blue. 
The paper was turned | 
red, but on addition of 


Na,(O,; no efferves- 
ceuce occurred, 


Pale-blue residue left. 


Blackened without 
smell of burning. 


No smell of NH3. 


Bright-green flame; on 
moistening the wire 
with strong HCl and 
again holding itin the 
flame it gave a blue 
coloration, 

Tn outer flame the bead } 
was green whilst hot, | 
blue when cold. 

In inner flame it be- | 
came colorless. J 


Presence of Cu. 


Presence of a salt with 
acid reaction. 


Presence of some dis- 
solved solid. 


Absence of organic acid- 
radicles. 


Absence of NH, 


Presence of Cu. 


Presence of Cu. 


Preliminary Examination for the Acid-radicle. 


Experiment. 


and warmed, 


and warmed. 


Observation. 


1. Added dilute H,SO,} No gas was evolved. 


2. Added strong H,SO, | No gas was evolved. 


And no red fumes on 
adding Cu clippings. 


Inference, 


Absence of carbonate, 
sulphite, sulphide, and! 
nitrite. 

Absence of chlorate. 


Absence of nitrate. 
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Examination for the Metal. 


EXAMPLES OF ENTRY 


To a portion of the liquid added HCl: 


No precipitate. | Added strong H,S-water : 
Absence of Group I. }|}————__ ote ee 
A brownish-black precipitate. Presence of 
_ §n’, Hg”, Bi, Phere. a 
Allowed the precipitate to settle, poured 
off as much of the liquid as possible, and 
boiled the precipitate with excess of 
NaHO; it remained undissolved. 
Since the original solution was blue, a 
clean knife-blade was dipped into a 
portion of it acidified with H,SO,; red 
copper was deposited on the steel : 
Presence of Cu. 
Examination for the Acid-radicle. : 


Added HCl and BaCl.; a white precipitate was pro- 
duced which did not disappear on boiling: Presence of 


Sulphate. 


Found Cu, So,. 


B. Liquid given for analysis. 
Preliminary Examination for the Metal. 


Experiment. 


Observation. Inference. 


1. Noted the color of the 
liquid. 


2. Dipped red litmus- 
paper into the liquid. 


8. Evaporated a few 
drops to dryness upon 
a watch-glass. 
Ignited the residue 
strongly. 


4. Boiled a portion with 
excess of KHO, 


5. Dipped a loop of plat- 
inum wire into the 
solution, and held it 
in the Bunsen flame. 


6. Dipped a clear borax 
bead into the residue 
from 38,and fused in 
the outer and inner 
blowpipe flames. 


Light yellow. Presence of a neutral 
chromate. 
It was turned faintly 


Probable presence of an 
blue. 


alkali-salt. 
A Presence of some dis- 
solved solid. 


yellow residue re- 
mained. 


Absence of organic acid- 
radicle. 


Absence of NH,. 


No blackening. 
No smell of NHs3. 


A pale-violet flame, ap- 


pearing crimson 
through the indigo- 
prism. Presence of K. 


Outer flame: brown, 
hot; green, cold. 

Inner flame: green, 
hotandecold. Brown 
color nut reappear- 
ing in the outer 
flame. 


Presence of Cr as a 
chromate. 
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Examination for the Metal. 
Since the liquid was alkaline in reaction, added to a 
small portion of it a few drops of HNO, until it became 


chromate : 


acid; this produced no precipitate. 
To another portion added HCI; the liquid turned from 
yellow to orange-red, indicating presence of a neutral 
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cn cis 


Pune hauid hes 
- hip homey The liquid be 


came green, 


5 


Then added H.S-water and warmed: 


To another portion of the original solution added AmCl, then 
AmHO; no precipitate formed: then added Am,S and boiled: 


Group I. and white | a a = 
: S was de-| No precipitate in the cold, “Added to another portion of 
posited: but on boiling a green the solution AmCl, AmHO, 
flocculent precipitate gra-| and Am,COg3: 
Presence of a dually formed, evidently 
chromate. consisting of Cr,Hog re-| No precipitate. | Added to the 
duced from the chromate.| Absence of same portion 
Group IV, NasHPO, and 
stirred: 
No precipitate. 
Absence of Mg. 
: Since K was found by the flame coloration in the pre- 


_ liminary examination, its presence was confirmed by 
stirring a portion of the solution, to which a few drops 
_ of HCl had been added, with PtCl, on a watch-glass; a 
_ yellow crystalline precipitate forming on the lines rubbed 
_ by the rod: Presence of K. 

3 Found K, Cr0,. 


C. A white crystalline substance given for analysis. 
Boiled a small portion with water ; it dissolved com- 


pletely. 


Preliminary Examination for the Metal. 


Experiment. 


. Heated in small dry test-tube. 


; Dipped a loop of moistened plat- 
inum wire into the powdered 
substance, moistened with strong 
HCl and held in the Bunsen flame. 


Heated a small portion in a cavity 
yn wood-charcoa!l in the inner blow- 
vipe flame. 


Fused on charcoal in the inner 


e 
a 
a 


pwpipe flame with NagCOgand KCy. 


Observation. 


Inference. 


The substance gave off red 
fumes and oxygen gas, 


which inflamed a glow- 
ing splinter of wood. 
It left a yellow residue. 


A pale-blue flame. 


Deflagration occurred. 
Awhite malleable globule 


Presence of a nitrate of 
a heavy metal. 
Presence of Pb, Sn, or Bi. 


Presence of As, Sb, Pb. 


Presence of a nitrate or 
chlorate. 


remained which easily 
marked paper. A yellow 


incrustation. 


Same result as with 3. 


Presence of Pb. 
Presence of Pb. 
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Examination for the Metal in Solution. 

Boiled a portion of the powdered substance with water, 
cooled, added HCI to a part of the clear solution ; a white 
precipitate was formed, which disappeared on boiling, 
but appeared again in the crystalline form on covling the 
liquid (probable presence of Pb). 

Confirmed the presence of Pb by decanting the liquid 
and boiling the precipitate with AmHO, it remained 
white and did not dissolve; decanted the ammoniacal 


liquid, dissolved the precipitate in a litthke HA, and added 
K,CrO,, a yellow precipitate: Presence of Pb. 

Since a nitrate was found in the preliminary examina 
tion, its presence was confirmed by adding strong H,SO, 
to the aqueous solution of the substance, and pouring 
solution of FeSO, carefully upon the cooled liquid in a 
test-tube ; a brown ring formed on the surface of the 
acid: Presence of NO. 

Also some of the solution when heated with Cu and 
strong H,SO,, evolved reddish-brown fumes: Presence 
of NO,: 

Found Pb, NO,. : 


D. A white powder, emitting no smell, given for analysis. 

Boiled some of the powdered substance with water, it 
did not dissolve: added a few drops of strong HCl and 
boiled, the substance dissolved completely (absence of 
Group I) without effervescence. 


Preliminary Examination for the Metal. 


Experiment. | Observation. Inference. 


1. Heated in a small dry test-tube. , No change. Absence of volatile and 
fusible substances and 
of water of erystalliza 


~ ' tion, ete. 
2. Dipped a moistened loop of plat- No flame coloration. Probable absence of K 
inum wire into the powdered sub- Na, Ba, Sr, Ca, Cu, ete. 


stance, moistened the powder with 

strong HCl, and held it in the Bun- 

sen flame. z 

8. Heated a portion of the powder Thesubstance did not fuse] Absence of alkali salt. 
strongly on charcoal in the inner A white luminous resi- 
blowpipe flame. due,which when moist- 
ened on red litmus- 

paper showed an alka- | Presence of Ba, Sr, 

line reaction. Mg. 


OF A SIMPLE ANALYSIS. 223 


Examination of the Solution. 

To a portion of the HCl solution added H,S-water ; 
no precipitate: Absence of Group LI. . 

To another portion of the HCl solution added AmCl 
and AmHO in excess, a white flocculent precipitate: 
then added Am,S, the color of the precipitate was un- 
changed. 

To a few drops of the HCl solution added KHO drop 
by drop until a white flocculent precipitate formed, then 
added excess of K HO and boiled ; the precipitate did not 
dissolve, and it did not become discolored in the air: 
Presence of Ba, Sr, Cu, Mg as phosphate, oxalate, ete. 

Added a few drops of the original HCl solution to 
some AmHMoQ, solution in a test-tube, and warmed 
gently ; a yellow precipitate: Presence of PO. 

To another portion of the cold HC! solution added 
AmHO drop by drop until a precipitate formed which 


_ did not dissolve when shaken, then added HA and NaA 


solution until this precipitate dissolved when the liquid 
was well shaken. Fe,C], was added until the liquid 
appeared red; it was then boiled and immediately 
filtered. To the filtrate AmHO was added in excess and 
the precipitate filtered off, then Am,CO, was added; a 
white precipitate formed: Presence of Ba, Sr, or Ca. 

Filtered and dissolved the precipitate by pouring upon 
it a few drops of HCl; dipped a loop of platinum wire 
into the solution, and held it in the Bunsen flame; a red- 
dish flame appearing dingy green through the indigo- 
prism: Presence of Ca. 

A few drops of the solution boiled with CaSO, gave 
no precipitate : absence of Ba and Sr, therefore the pres- 
ence of Ca was confirmed by adding to the rest of the 
solution excess of AmHO, then Am,C,O,; a white pre- 
cipitate: Presence of Ca. 

. Found Ca, PO, 


E. A white odorless powder given for analysis. 

Boiled a portion of the substance with water, it did 
not dissolve: added HCl and heated again, it dissolved 
_ completely (absence of Group I) without effervescence. 
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Preliminary Examination. 


Experiment. 


Observation. 


Inference. 


1. Heated a portion in a 
small dry test-tube. 


2. Held a portion of the 
substance on a loop of 
platinuin wire in the 
Bunsen flame; then 
moistened with HCl 
and again held in the 
flame. 


3. Heated on charcoal in 
inner blowpipe flame. 


The substance blacken- 
ed slightly ; it evolved 
COz, which turned a 
drop of lime-water 
milky. The residue 
in the test-tube effer- 
vesced with HCl, 
whereas the original 
substance did not. 


A red coloration, appear- 
ing dusky green 
through the indigo- 
prism, 


A white luminous mass 
remained, which when 


Presence of an organic 
salt of K, Na, Ba, Sr, 
Ca, or Mg. 


Presence of Ca, 


Presence of Ba, Sr, Ca, 
or Mg. 


moistened on red lit- 
mus-paper turned it 
blue. 


Examination for the Metal. 


Added to a portion of the HCl solution strong H,S- 


water. 


No precipitate : 
Absence of 


Group IT. | | 


To another portion of the HCl solution added 
Am(Cl, then AmHO in excess, a white precipi- 
tate formed ; added Am,§, the color of the pre- 
cipitate remained unaltered. 


| To another portion of the solution added KHO 


drop by drop until a precipitate formed, then 
more KHO and boiled; a white precipitate in- 
soluble in KHO, and not darkening in the air: 
Presence of oxalate, phosphate, etc., of alkaline 
earths. 

Since the presence of an oxalate of an alkali- or 
alkaline earth-metal was indicated in the pre- 
liminary examination, a portion of the original 
substance was heated on platinum foil, then 
dissolved in HCl (effervescence), and to the so- 
lution excess of AmHO and of Am,COs was 
added. The liquid was warmed and put aside 
till the precipitate subsided, then the liquid 
was decanted and the precipitate dissolved in 
a few drops of HCl. 

A platinum wire dipped into this IICl solution 
gave a red flame coloration, appearing dusky 
green through the indigo-prism: Presence of 
Ca. [Confirmed by another portion of this 
HCI solution giving a white precipitate with 
excess of AmHO and Am,C,0,. | 
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The presence of C,O, was confirmed by heating some 
of the original substance with strong H,SO,; gases were 
evolved which rendered milky a drop of lime-water, and 
burnt with a blue flame, showing presence of CO, and 


CO: Presence of C,O,. 
Found Ca, C,0,. 


F. A yellow metallic-looking substance given for analysis. 
Preliminary Examination. 


Experiment. Observation. Inference. 


1 Heated a portion of 
the substance strongly 
in asmall tube closed 
at one end. 


A yellow sublimate 
formed which melted 
into brown drops; a 
smell of burning 5 was 
evolved, and a piece of 
paper dipped into | 
KeCr.0, solution when 
placed in the mouth of 
the tube became green. 

A brown residue left 


Presence of S. 
Probable presence of Fe. 


2. Heated strongly on 
eharecoal in the inner 
blowpipe flame. 


Strong smell of burning | Presence of 8. 


S. The residue fused | 
into a dark-colored glo- | 
bule, which when cold | 
was strongly attracted | 


by the magnet. Probable presence of Fe. 


3. Heated a fragment 
strongly in a glass tube 
open at both ends, 


A gas was evolved witha 
suffocating smell, and | 
which turned K,Cre.0, 


and held obliquely | paper green. SO, from combustion of S. 
in the flame. 
Solution of Substance. 


Warmed the powdered substance with a mixture of 
strong HNO, and HCl, it dissolved completely ; boiled 
down in an evaporating-dish, adding strong HCl several 
times; when nearly dry, diluted with water. 


Examination of the Solution for the Metal. 
Since the substance dissolved entirely in HCI, Group 


¢ is absent; to a portion of the solution added H,S- 


water : 
19 
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The solution be- | To another part of the solution added Am(Cl, 
came colorless,| then excess of AmHO,a brown flocculent pre- 
and whiteS was | cipitate formed, presence of Fe’’’ ; then added 
precipitated. Am,S, and heated; the precipitate became 

Probable presence} black, and on settling left a yellow solution: 
of a ferrve salt. Absence of Ni. 

Confirmed the presence of Fe by adding to a 
fresh part of the original solution K,FeCy,solu- 
tion, a dark-blue precipitate: Presence of Fe’/’. 


Confirmed the presence of 5 by adding to a part of the 
original solution BaCl, ; a white precipitate formed which 
did not disappear on boiling: Presence of SO, derived 
Jrom oxidation of sulphur. 

Found Fe, 8. 


G. A white powder given for analysis. 

Boiled a small portion with water, it did not dissolve. 

Boiled another portion with HCl, it did not dissolve: 
added HNO, and heated again, the substance was not 
dissolved. Hence the substance is insoluble in water and 
in acids, and, since it is white, it can only be BaSO,, 
SrSO,, (CaSO,), PbSO,, (PbCl,), AgCl, SiO,, Al,O,, 
SnO,, Sb,O,, or CaF’. 

Poured Am,S upon some of the substance, its color 
was unchanged ; probable absence of Pb, Ag, Sn, Sb. 


Preliminary Examination. 


Experiment. Observation. Inference. 


1. Took some of the 
powder up with a loop 
of moist platinum 
wire, ignited it 
strongly in the inner 
blowpipe flame, moist- 
ened it with HCl, 
and held in the Bun-| A yellowish-green color- | Presence of Ba. 
sen flame. ation. 


2. Fused a portion with 
NagCOg3 on charcoal in 
the inner blowpipe 
flame, placed the cooled 
mass on a bright shill- 
ing, and moistened it | A black stain on the Presence of S. 
with a drop of water, coin. 
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Examination of the Solution. 


Fused some of the powder with fusion mixture on 
platinum foil ; boiled the cold mass with water, filtered. 
Filtrate, made acid with HCland added BaCl, ; a white 
precipitate, which did not disappear on boiling the liquid : 
Presence of SO,. 

The residue on the filter was well washed with boiling 
water, and boiling dilute HCl poured upon it; it dissolved 
completely : 


Absence of : 
Group I. To a portion added strong H.S-water and heated: 


No precipi- | To another portion added AmC1, then AmHO in ex- 


tate. th Am,S, and b 
ee 
Group II. No precipi- | To another portion of the original solu- 

tate. | tion added AmCl, AmHO, and Am,CO3: 
Absence of 
Group III. 4 nee precipitate: Presence of Ba, Sr, 
or Ca 


A platinum-wire loop dipped into the 
original solution gave a yellowish-green 
tint to the Bunsen flame: 

Presence of Ba. 


Found Ba, SO, 


SECTION VI. 
FULL ANALYTICAL COURSE AND TABLES. 


AFTER having tried the reactions of the analytical 
groups and learned for each group how to detect its mem- 
bers occurring singly or two or more together, solutions 
containing a single member belonging to any of the 
groups, or members of two or more of these groups mixed, 
will readily be analyzed. 

370.) It is necessary first to separate the metals present 
into groups by adding the group reagents successively in 
such an order that each precipitates its own group only, 
leaving in solution the members of all other groups which 
may be present. This is effected by adding the group 
reagents in, the order directed in the general table (419) ; 
refer to this and to the group table on pp. 188, 189. 

HCI, which is the first reagent added, precipitates only 
Group I, leaving Groups II, III, IV, and VY in solu- 
tion ; hence if a precipitate is obtained on adding excess 
- of HCl, after filtering it off any member or members of 
Group I present will be obtained upon the filter, whilst 
the members of all other groups remain in the filtrate. 
On passing H,S into the heated filtrate,’ members of 
Group II alone will be precipitated and may be filtered 
off; the filtrate,’ after removal of H,S and oxidation of 
any Fe present by boiling with HNO,, may be mixed 
with AmCl and excess of AmHO ; the AmHO will pre- 
cipitate any members of Group III a, Group III B, and 
Mg remaining dissolved by the AmC1; the addition of 
Am,S to the filtrate’ will separate Group IIIB as sul- 
phides. Group IV is precipitated from the filtrate’ by 


1 Or solution, supposing no precipitate to have been obtained, and 
filtration therefore to have been unnecessary. 
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the last group reagent Am,CO,, and the filtrate! is ex- 
amined for Group V, the members of which not being 
precipitated by any group reagent will now remain in 
solution if they were originally present. 

Since each group must be entirely precipitated by its 
own group reagent it is necessary, if any precipitate is 
formed, to add each group reagent in “ excess” before 
proceeding to add the next; unless the presence of the 
reagent in excess is ascertained before proceeding, much 
confusion may be caused. 

371. Addition of Reagents in Excess.—The most gen- 
eral method for ascertaining the presence of a reagent in 
excess is to add afew drops more of the reagent to the clear 
liquid obtained either by letting the precipitate settle or by 
filtering off a small quantity of it; if any further precipi- 
tate is formed the filtered portion must be returned, more 
of the reagent must be added, and the clear liquid again 
tried with a few additional drops of the reagent, this pro- 
cess being repeated untikno further precipitate is caused. 

In certain cases this method of proceeding is rendered 
unnecessary, the excess of a reagent being detectable by 
its smell after thoroughly mixing up the solution and 
blowing out the air above it ; this is the case for example 
with H,S and AmHO. In other cases the excess is seen 
by the color of the filtrate, as with yellow Am,S. 

372. Evaporation before Precipitating Group IIL— 
Since certain organic substances hinder or prevent the 
precipitation of the members of Group III a by AmHO, 
it is necessary, if the preliminary examination has shown 
the presence of organic matter, to destroy it by evaporation 
and ignition before proceeding to precipitate Group IIT; 
evaporation to dryness and gentle ignition are also neces- 
sary to separate SiO,, which if remaining in solution 
might be mistaken for Al,Ho,. But if it is known that 
neither organic substances nor SiO, are present, a consid- 
erable saving of time may be effected by boiling the H,S 
filtrate until it no longer smells of H,S, then continuing 


’ Or solution, supposing no precipitate to have been obtained, and 


filtration therefore to have been unnecessary. 
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to boil for several minutes after adding a few drops of 
strong HNO,; this process may replace the evaporation 
to dryness and ignition. 

373. General Remarks.—The ordinary method of 
analysis drawn out in the general table and in the ta- 
bles for examination of the group precipitates will pre- 
sent little difficulty if the directions therein given are 
strictly complied with. Table III c will perhaps be 
found rather more difficult, and should not be attempted 
until some proficiency has been obtained by practice on 
the other group tables. Table III p, which must be 
employed under conditions fully explained in (460), 
should not be used until considerable proficiency has been 
attained. 

374. It will be seen that the full course of analysis is 
arranged so as not only to prove what is present, but also 
that all else is absent; this, except in special cases, is the 
object in view. 

The process of analysis is much hastened by using 
separate portions of the solution instead of carrying on 
the examination throughout with one part of the solution ; 
the plan in the general table is however preferable, 
since it gives at once a notion of the relative quantities 
of the different substances present. 

For an example of how to write out the results see 
pars. (488-493) ; it will be seen that the form adopted 
is that of the analytical tables. 


PRELIMINARY EXAMINATION OF SoLID SUBSTANCES. 


375. Before proceeding to employ the full course of 
analysis for substances of complex composition, the stu- 
dent will do well to examine a few solid substances for 
metals and acid-radicles by the tables given in paragraphs 
(887-418).' For the full account of how to try these 
tests for any particular substance the student must refer 
back to the preceding reactions in Section IV. 


1 For example of substances to be analyzed by re preliminary 
examinations see paragraph (538). 
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The results of these analyses are entered in the form 
of the table as shown in the examples in paragraphs 
(488) and (489). The entries must be made during the 
progress of the analysis. 

376. Preliminary Examination for Metals.—A little 
study of this table (387 et seq.) will show that it contains 
three main tests, marked Exps. I, II, and III; these 
stand in the first column; in the second column are placed 
the results which may be noticed on trying these experi- 
ments; the student should glance through these so as to 
be forewarned of what he has to look for. The main 
classification of the results which may be observed is in- 
dicated by large-type letters, the subsidiary divisions are 
marked by small numbers and italics, and the individual 
results are simply placed in succession in a vertical column. 
Occasionally an observation is made which it is advisable to 
confirm by an additional experiment: this “ confirmatory ” 
test is then entered in the first column, just below the ob- 
servation to be confirmed, and is marked “ confirm’” to 
distinguish it from the main experiment, its results are 
placed beside it in the second column; the student must 
understand that any one or more of the results noted in 
the second column may be looked for. 

A few salts and mixtures such as those mentioned in 
(538) should be subjected to a careful preliminary exami- 
nation by the student, and the results obtained carefully 
entered. 

377. Preliminary Examination for Acid-radicles.— 
This table (410-418) exactly resembles in arrangement 
the table for metals which precedes it, and no explanation 
is therefore necessary. ‘The student should examine by 
it some solid substances (538) for acid-radicles only. 

378. A few solid substances may now be tested for 
both metals and acid-radicles by the two preliminary 
tables. 


DETECTION OF ACID-RADICLES AND METALS BY 
PRELIMINARY TESTS AND BY EXAMINATION OF THE 
SOLUTION. 


379. After having become familiar with the prelimi- 
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nary examination of solid substances the student may 
analyze some easy substances containing only one or two 
metals and acid-radicles. The analytical course drawn 
out for the examination of complex substances may be at 
once employed for these more simple analyses, as the 
student is thus enabled to prove not only the presence of 
any particular metals or acid-radicles, but also the ab- 
sence of all others. 

He will by this means be gradually introduced to the 
analytical course, and after satisfactorily analyzing some 
simple substances, may proceed to mixtures of gradually 
increasing difficulty or complexity. 

At first no mixture should be attempted which will 
yield a precipitate containing a phosphate in Group III, 
and members of Groups III a and III B should not be 
present together in the same solution, also substances con- 
taining organic matter and SiO, should be avoided ; the 
examination of the filtrate after passing HS is thus very 
much simplified. 

The following is a description of the course to be pur- 
sued in making the complete analysis of a complex sub- 
stance. 


ens ee 
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GENERAL COURSE OF ANALYSIS FOR SOLID AND 


LIQUID SUBSTANCES. 


THE substance given for analysis' will be either a 
liquid or a solid, since the analysis of gases forms a de- 
partment which is best studied by itself. 

Unless it is known that cyanogen is not present in the 
substance, it must be tested ‘for in a small portion by the 
« Prussian blue” or AmCYS test (304 or 306); but if found, 
refer to (482 et seq.) for the preparation of the solution 
and the method of analysis: if cyanogen is not present the 
substance is examined by (380, 381) or by (882 ef seq.), 
aecording as it is liquid or solid. 

Silicates may also be tested for by fusing some of the 
finely powdered substance in a bead of microcosmic 
salt (293). 


THE SUBSTANCE IS A LIQUID. 


380. Test it with both blue and red litmus-papers, 
one of the following results will be obtaiaed : 


i lla ee a os 


Tt is neutral 
(not changing either 
paper). 
Absence of acids and al- 
kalies and of salts with 
acid or alkaline reac- 
tion. The salts of Ag 
and Mg and_ certain 
salts of Am, Na, K, Ba, 
Sr, and Ca are the only 
neutral soluble salts. 


It is acid 


(turning blue litmus red). | 


Presence of an acid, or 


salt with acid reaction. | 


It is alkaline 
(turning red litmus blue). 


Presence of a hydrate of 
Am, Na, K, Ba, Sr, or 
Ca, or of a salt with 
alkaline reaction. 


381. Evaporate a few drops of the liquid upon a 
piece of platinum foil or a piece of thin glass or porce- 
lain,’ smelling it occasionally: 


1 For examples of substances to be analyzed see par. (539). 
2 A piece of the side of a broken flask will serve well. 
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No residue is left: The liquid must | A residue is left: Examine the liquid 


consist of some volatile substance, 
probably of water, either pure or 
containing certain gases or volatile 
substances dissolved in it (e.g., NHsg. 
HC), Br, etc.) which are detected by 
their smell, by the action of the 
liquid on litmus-paper, or by special 
tests. If the liquid has no action on 
litmus, no smell, and leaves no resi- 
due on evaporation, and is tasteless, 
it is pure water. 


by the further preliminary tests in 
(334) or evaporate a portion of the 
solution to dryness in a porcelain 
dish, avoiding heating the substance 
after it is dry; examine the residue 
by the preliminary tables for metals 
and acid-radicles (387-418). Exam- 
ine the larger part of the solution 


for metals by the general table (419) |- 


paying attention to (420), and the 
rest of the solution for acid-radicles 


by (440 et seq). 


THE SUBSTANCE IS A SOLID. 


382. If the substance is metallic in appearance refer 
to (467) for the method of analysis, or if it is non- 
metallic proceed as is directed below. 

Finely powder some of the substance in a mortar, 
using an agate mortar if it is very hard. A part of this 
powder is first examined by the preliminary tables for 
metals and acid-radicles (8387-418). 


Process or SoLuTION. 


383. A large part of the remainder is boiled in a 
flask or boiling-tube with distilled water; if it dissolves 
entirely see (384): if the powder does not dissolve, allow 
the liquid to stand still until the undissolved portion has 
in great part settled, then decant through a filter: the 
filtrate is Solution I: 


Residue in flask: Boil with dilute HCl (386), allow any residue to settle, 
deeant through the filter used above (386 a); repeat this process and 
finally boil the residue with strong HCl, let settle, decant through the 
filter: 


Residue : Heat with dilute, then with strong HNO, ‘386 b) 
Pa was directed above for HCl; decant through the 
ter: 


Filtrate is 


Residue may be warmed for a short time 
with a mixture of strong HNOs (386 b) 
with three times as much HCl; if this 
does not dissolve it, dilute and decant 
the acid mixture through the filter: 


Filirate is 


Filtrate is Residue: Wash well with 
water, dry, and examine 
as directed (475 et agg.) 
for substances insoluble 


Solution II. in water and acids. 


—_— 


Solution ITIL. | Solution IV. 
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384. If at any of the preceding stages the substance 
dissolves entirely, proceed at once to examine the solu- 
tion by the general table (419), paying attention to 
(420) if the substance is entirely soluble in water. 

385. The Solutions I, IJ, III, IV need rarely be 
examined separately; a general method is to add to I 
- some HNO, (see 420) and then some HCl to the clear 
liquid ; add also to the HNO, solution (III) some HCl. 
Any precipitate thus caused by HCl is examined by 
Table I, and any precipitate caused then on mixing the 
Solutions I, I, U1, LV is examined by (475) as an in- 
soluble substance. It is best to boil a the Solutions 
III and IV considerably before mixing them with I 
and II, in order to get rid of the HNO, as much as pos- 
sible ; they are then mixed with dilute HCl, and any 
precipitate thus caused is examined by Table i 

386. Any changes which occur on adding HCl should 
be noted down; notice especially whether any gases are 
given off. Many of these gases may be detected by their. 
smell, but.a closer examination of them may be neglected, 
as they are obtained in the preliminary examination for 
acid-radicles (411). If the gases come off from the aque- 
ous solution on adding HCl, or on mixing the HCl and 
aqueous solutions, they must have been present com- 
bined with metals as salts soluble in water, probably 
salts of alkalies; if they are evolved on treating the 
residue insoluble in water with HCl, they were present 
as salts insoluble in water. 

386 a. On cooling the hot HCl solution crystals often 
separate ; these consist probably of PbCl,; they may be 
filtered off and dissolved in a little boiling water; if on 
addition of K,CrO, to this solution a yellow precipitate 
forms, it shows the presence of Pb. 

386 6. HNO, seldom requires to be used in dissoly- 
ing a substance, and when necessary should be employed 
only in small quantity, since it is liable to cause a pre- 
cipitate of S from H,S (423). 


Note.—If a complex solid mixture is given for analysis, and the 
only object is to obtain a solution as rapidly as possible, it may be 
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at once boiled with aqua regia for a few minutes, then diluted and 
filtered: the residue is examined as a substance insoluble in water 
and acids (475 et seq.), and the filtrate is evaporated nearly to dry- 
ness: dilute HCl is added, and the solution examined by the gen- 
eral table (419). 


PRELIMINARY EXAMINATION FOR 
METALS. 


387. The substance is required in the solid state for 
this examination ; hence if a solution is being analyzed, 
some of it must be evaporated to dryness and the dry 
residue employed (see 381). 

Carefully note down the appearance and physical 


properties of the original substance: whether it is erys-- 


talline or amorphous;' its hardness,” color, smell, and 
anything which strikes you on a careful examination 
aided by a pocket lens. 

The following three experiments (388, 397, 398), to- 
gether with some confirmatory ones when necessary, are 
then to be tried on small quantities of the finely pow- 
dered substance, and the results obtained noted down. 

For a fuller explanation of the form of the table, see 
paragraph 376. 


1 A body, if crystalline, consists of particles which have a definite 
and similar shape; the particles are amorphous if they show no 
similar and definite shape. 

? The hardness of a substance may be roughly tested by trying to 
scratch it with the point of a penknife: if very easily scratched, it is 
soft; if the knife will not scratch it, but simply marks it as a lead- 
pencil would do paper, it is very hard (e. g., Quartz). 

8 The salts of the following metals are colored: Cu, blue; Fe’’’, 
brownish-yellow ; Fe’’, pale green; Ni, Cr, CuCl,, green; Mn, delicate 
pink ; Co, reddish-pink. Chromates, light yellow ; dichromates, orange- 
red ; Sb.S3, CuO, MnOz, black ; HgO, Pb,O,, red ; PbO,, dark brown ; 
PbO, light brown ; Cr,Os, green. 


a 
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388, 389.] FOR METALS IN COMPLEX SUBSTANCES. 


Experiment. 


98, Exp. I—Heat a 
small quantity of the 
substance in a small 
test-tube or piece of 
hard glass tubing drawn 
off at one end. 


18 


| Confirmatory—The  subli- 
| mate is carefuliy exam- 
ined, if necessary, with 
the aid of a lens, 


| 889. Conjirmatory.— Heat 
another portion of the 
‘substance, mixed with 
about three times as 
much Na,COgz in fine dry 
powder and a little KCy, 
in a tube closed at one 
} end (147). 
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Observation. 


A. The substance does not change. 


Inference. 


Absence of organic 
substances which 
blacken and give off 
a smell of burning; 
of volatile sub- 
stances which sub- 
lime; of substances 
which are altered 
by ignition; and of 
water combined 
with or absorbed 
by the substance, 
which would’ be 
evolved as steam 
and form drops on 
the side of the tube. 


B. The substance changes. 
1. Jt changes color : 


Yellow, hot. | white, cold. 


Yellow, brown “ | yellow, “ 

Yellow-brown ‘* | yellow, ‘ 

Dark red or ; « | red- « 
black brown 


The substance blackens— 

a. Emitting a smell of burn- 
ing. The black carbon 
may be burnt off by 
strongly heating on plat- 
inum foil with the blow- 
pipe flame, 


Smell of acetone. 

Smell of burning sugar. 
b. Emitting no smell of burn- 

ing. The color is not 

removed by ignition as 

under a. 


2. It fuses and becomes solid 
again on cooling. 


3. It sublimes. 


White, crystaline (sparkling) sub- 
limate. 

White, non-crystalline sublimate. 

Black sublimate, becomes red 
when rubbed. 


Yellow sublimate. 


Sublimate of reddish drops, 
which are yellow when cold. 


Violet vapor, cooling to blackish- 


erystals. 


Gray mirror, which, when rubbed 
with a splinter of wood or a 
glass rod, or when examined by 
a lens, is seen to consist of glob- 
ules of Hg. - 

Blackish-brown shining mirror, 
and smell of garlic; no globules. 


ZnO. 
PbO. 
SnOg or Bi2Qg. 


F 303. 


Presence of organic 
matter. 


An acetate, 

A tartrate. 

Probable presence of 
Co or Cu salts. 


Salts of alkalies or cer- 
tain salts of the 
alkaline earths, 

Compounds of Am, As, 
Hg; or free S or {. 

HgClo, As903. 


Probably Am-salt. 
Hes. 
AsoSs. 
Hgly, becomes scar- 
let when rubbed. 
S free or from certain 


polysulphides, 
Presence of I. 


Presence of Hg. 


Presence of As. = 
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Experiment. 


PRELIMINARY EXAMINATION 


Observation. 


Inference, 


390. Conjirmatory. — Pour 
a little strong KHO solu- 
tion upon some of the 
substance and heat to 
boiling; or mix some of 
the substance with soda- 
lime in a mortar, and 
moisten and heat. 


391, Confirmatory—Exam- 
ine the drops of water 
on the sides of the tube 
with blue and red Jitmus- 
papers. - ¢ 


392. Confirmatory.—tIntro- 
duce a burning splinter 
of wood into the tube. 


393, Confirmatory. — Intro- 
duce a glass rod moist- 
ened with lime-water, 
into the tube. ~ 


394, Conjirmatory.—Intro- 
ducea glass rod or slip 
of paper moistened with 
KeCre0x. 


395, Conjirmatory.—Intro- 
duce a glass rod carry- 
ing a piece of moist lit- 
mus, 


396, Conjirmatory.—Intro- 
duce a glass rod with 
moist starch powder on 
its end. 


NH; is given off, known by its 
smell and by turning moist red 
litmus-paper blue or turmeric- 
paper brown; the change in 
color is only a trustworthy indi- 
cation, if it occurs very soon, 
as the NH, in laboratory air 
often causes it to occur after a 
time. 


4, The substance gives off water. 


It fuses first, then gives off water, 
and again becomes solid if the 
heat is continued. 

It swells up considerably whilst 
giving off its water. 


The water is alkaline. 


The water is acid. 


5. Gas or vapor is given off." 
a. It is without smell. 


It burns more brightly, and if in- 
troduced with a spark at the end 
is inflamed. 

The flame is extinguished. 


The lime-water turns milky. 


The lime-water does not turn 
milky, but the flame was ex- 
tinguished (392), 


b. The gas or vapor has a smell. 


Smell of burning 8. 

The KgCrg0q turns green; moist 
blue litmus is also reddened by 
the gas. 


Reddish-brown nitrous fumes are 
given off, known by their pecu- 
liar smell, and by not eoloring 
starch paste orange-red. 


Smell resembling Cl: 
which _ bleaches 


Yellowish gas, 
moist litmus. 


Brown vapor, which colors the 
moist starch powder orange-red. 
Violet vapor, which colors starch 

solution blue. 


Presence of NH, 


Presence of water, ab- | 


sorbed or combined. 


Water of crystalliza- | 


tion. j 
Borax and certain | 
borates, alums, and | 
phosphates. | 
Probably NH, com- 

pounds. 


Presence of volatile | 


acids, e. g. HNOs, 
HCl, HeSO,. 


O from chiorates, 
nitrates, peroxides, 
etc.; or possibly N20. 

COz or N. 


CO, from carbonates, 
oxalates, ete. 


N, from AmNOg, prob- | 


ably. 


SO, from combustion 
of free S, or from acid 
sulphites, hyposul- 
phites, reduction of 
sulphates or oxida- 
tion of sulphides. 

Nitrates of heavy 


metals (e.g, of Pb, | 


Bi, Hg, ete.). 


Cl from certain chlo- i 


rides. 


Br from certain bro- 4 


mides. 


I, free or from certain | | 


iodides. 


1 This will usually be shown by effervescence of the substance; if the gas or vapor is 


[390-396. 
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not detected by its color or smell, it can only be found on testing for it specially by (392) 


and (393). 


397-399.] FOR METALS IN COMPLEX SUBSTANCES. 


Experiment. 


13897. Exp. II.—Dip a 
| moistened loop of plat- 
| inum wire, which gives 
} no color to the Bunsen 
flame, into the sub- 
} stance, and hold the 
loop with the adhering 
| powder near the top of 
} the Bunsen flame, or in 
the inner bilowpipe 
flame. Then moisten 
with a drop of strong 
HCl and heat again. 
Continue the heating 
until no further change 
} occurs in the color of 
_ the flame. 


_ Note.—If silicie acid is 
|present, the colorations 
for K and Na usually show 
only after ignition of the 
} powdered substance with 
| powdered CaSO,. 


1398, Exp. III.—Heat the 
} substance iv a small 
| cavity scooped in a piece 
| of wood-charcoal, in the 
blowpipe flame. 


$99, Confirmalory. — De- 
_ tach a portion of the cool 
_ residue from the char- 
coal, place it upon a 


piece of red_ litmus- 


- adrop.of water. 


paper, and moisten with |- 
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Observation. 


ce. The gas can be ignited, and burns 
at the mouth of the tube with a: 

Pale yellowish-green flame, more or 
less explosive. 


Bright-whiie flame, producing 
white fumes; the unburat gas 
smells of garlic. 


Peachblossom-colored flame. 


A. The 
flame: 


substance colors the 


1. Intense yellow. 
Examine the flame through 
the indigo-prism; a crimson 

color is seen. 


2. Pale violet, crimson through 
the indigo-prism. 


3. Yellowtsh-green. 


4. Crimson, same through the 
indigo-prism. 

5. Orange-red, dingy-green ) 
through the indigo-prism. 


6. Bright green. 
A blue color is seen after 
moistening with strong HCl. 


Intense. 
7. Blue. { oe 
B. The substance does not color 
the flame. 


Inference. 


NH, probably from 
cg ate heated NH, 


PH, probably from a 
hy pophosphite. 


Cy from a cyanide, 
probably from HgCys. 


Na. 


K or Sr, or both, are 
present. 


K. 


Ba probably. — 


Sr. 


Ca. 
Cu or BeO3.° 
Cu. 


| CuCls, CuBre. 


As, Sb, Pb. 


Probable absence of 
the above. 


A. The substance decrepitates, or 
erackles. 

B. The substance deflagrates, or 
causes charcoal to burn rapidly. 
c. The substance fuses easily, and 
is absorbed by the charcoal, or 

forms a liquid bead. 
p. An infusible residue is left on 
the charcoal. 
1. The residue is white and very 
luminous. 


residue to be alkaline. 


NaCl and certain other 
crystalline salts. 
Chlorates, nitrates, ete. 


Salts of alkalies and 
certain salts of the 
alkaline earths. 


Probably BaO, SrO, 
CaO, MgO, 1,03, 
ZnO (or SiO,). 


The paper turns blue, showing the | BaO, SrO, CaO, and 


possibly MgO. 
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PRELIMINARY EXAMINATION 


Experiment. 


Observation. 


400, Conjfirmatory. — Mois- 
ten the residue on the 
charcoal when cool with 
several drops of Co (NO) 
solution, and heat again 
strongly in the outer 
blowpipe flame. 


401. Conjfirmatory.— Heat 
a small quantity of the 
substance in aclear col- 
orless borax bead, first 
in the outer, then in the 
inner blowpipe flame. 


402, Confirmatory. — The 
presence of Mn and Cr, 
may be confirmed by 
fusing -the substance 
with NagCOs and KNO; 
on platinum foil. 


403. Conjfirmatory.— Heat 
also some of the sub- 
stance, mixed or covered 
with powdered KCy and 
NagCOg or KeC.04, on 
charcoal in the inner 
blowpipe flame. 


404, Confirmatory. — De- 
tach several of the glob- 
ules with the point of 
a knife, and strike them 
on the bottom of an in- 
verted mortar with the 
pestle; if they flatten to | 
a cake they are mulleable, | 
if crushed to a powder 
they are briitle. Try also 
if a globule. fixed on the 
point of a knife, marks 
paper. 


Note. — The appearance 
and malleability of one re- 
duced metal is frequently | 
much altered by the pres- | 


A blue residue, the color of which 
does not disappear with intense 


heat. 
A pink residue, 


A green residue. 


2. The residue is colored. 
Color of bead. 


In outer flame. 
Green, hot. 
Blue, cold. 
Blue, hot and 
cold. 
Violet, hot. 
Yellow, cold. 
Brown-red, hot. 
Yellow, cold. 
Green, hot an 
cold. 
Reddish-purple, 
hot and cold. 


In inner flame. 

Colorless or red, 
cold. 

Blue, hot and 
cold, 


Gray or opaque. 


Green, hot and 
cold. 

Green, hot and 
cold. 

Colorless, 
and cold. 


hot 


ence of another. 


Light-yellow mass on cooling. 
Blue-green mass on cooling. 


3. The residue is colored, or metallic 
scales or globules are seen. 

The substance is reduced to the 
metallic state. (See 407.) 


a. Without incrustation. 


Brilliant white metal. 

Yellow metal. 

Red scales or globules. 

Gray powder, attracted by a mag- 
netized knife-blade (407). 


b. With incrustation. 


Globules, Incrustation. 
White, malleable,| None or very 
not marking slight. 
paper. 


White, brittle. 


Orange, hot. 
Yellow, cold, 


White, malleable, | Yellow, hot and 
marking paper. eold. 

White, britile,| White, close to 
giving white] substance. 
fumes. 


White or none. Yellow, hot. 

White, cold. 

Red-brown,easily 
volatilized. 

White, and white 
fumes: smell 
of garlic. 


White or none. 


None. 


(400-404, 
Inference. 


Al,03, and some phos- 
hates, silkcates, and 
orates, q 

MgO. 


ZnO. 


Mn. (See 406.) 


Au, Ag, Cu, Pb, Sn, Sb, | 
Bi (Co, Ni, Fe, Mn, | 
form gray powders]. | 

7 Ag, Cu, Co, Ni, Fe, | 

n. 


Sn. 
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Experiment. Observation. Inference. 


405. Exp. IV.— Fuse | On rinsing off the substance, the | Presence of §, free or 
some of the substance,| coin is found to be stained black | combined. 

mixed with NasCO3, on| (408). Also, if a drop of HCl be 
charcoal in the inner} placed upon the mass, a smell of 
blowpipe flame produced | H.S is perceived, and lead-paper Note.—Since this 
Jrom a spirit-lamp; re-| is blackened. reaction serves to de- 
move the fused mass tect S and sulphur 
when cold, place it on a acid-radicles, it more 
bright-silver coin, mois- properly belongs to 
ten with a drop of water the preliminary ex- 
and let stand for several amination for acid- 
minutes, radicles: it is, however, 

: best tried here. 


NoTEs TO THE PRECEDING PRELIMINARY TABLE, 


406. The green color produced by Mn conceals the light yellow 
due to Cr; on boiling the residue with water it gives a pink or pur- 
ple solution, the color of which is best seen on filtering; this color is 
due to the formation of KMnQ,, and shows Mn to be present.. On 


acidifying this solution with HA and boiling again for several min- 
utes, the purple color is destroyed; and on filtering, the yellow color 
due to Cr is seen: the presence of Cr may be further confirmed by 
the formation of a yellow precipitate in the acid solution on addition 
of PbA,. 

407. The metal is best separated and examined by detaching the 
mass when cold from the charcoal, and powdering it by crushing in 
a mortar or on a watch-glass with a little water, letting stand for a 
short time, and then quickly pouring off the water down a glass rod 
or pestle which is wetted and pressed against its edge; by several 
times repeating this operation, the heavier metallic particles alone 
are left in the mortar or watch-glass (33 a). 

408. This stain is removed by rubbing the coin with a little lime 
made into a paste with water. 


409. NoteWhen the substance to be examined contains several 
bodies, they frequently more or less mask one another’s reactions: 
thus Co if mixed with Fe will give a bead green whilst hot and blue 
when cold, thus resembling Cu, but differing in remaining blue in the 
inner flame: hence the composition of many complex mixtures is 
only roughly indicated by the preliminary examination, and must 
be confirmed and established in the wet way. Many substances, more 
particularly minerals, however, can be completely analyzed by a 
careful preliminary examination. 
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PRELIMINARY EXAMINATION FOR ACID- 
RADICLES. 


410. The substance is required for this examination 
in the state of powder or of strong solution. 

If the substance given for analysis is a solution, part 
of it may be evaporated to dryness: the dry residue is 
then finely powdered and subjected to the following tests. 
If several acid-radicles and metals are present, the reac- 
tions may be more or less perfectly concealed or altered, 
hence failure in obtaining a certain reaction does not in 
all cases necessarily prove the absence of an acid-radicle. 


Experiment. Observation. Inference. 


411, Exp. I.—Treat | One or more of the following 
some of the sub-| gases may be envolved : 
stance with dilute 
HCl and note the| A colorless gas without 
result, then heat| smell, which turns milky | 
moderately (416). a drop of lime-water on | 

the end of a glass rod. CO» from a carbonate. 


A gas of suffocating smell 
which turns a drop of} 


K,Cr20,q solution green. SO. from a sulphite. 
Yellow S is precipitated | SO. and S from a theio- 
at the same time. sulphate.? 


A gas with fetid odor, | H,S from a sulphide; or 
which blackens a drop of | possibly from asulphite 
PbAg solution, or a piece) OF hyposulphite, if Zn 


of lead-paper (417). Ne viene ucing agent 


Reddish fumes. N20; from a nitrite. 


A yellowish-green gas, of 
suffocating smell, and 
which bleaches moist lit- 
mus-paper, is envolved: 


a. Inthe cold; and also 
evolved on adding HA. | Cl from hypochlorites. 


b. Only when heated. Cl from action of HCl on 
oxidizing substances, e. 
g., MnO, chromates, ni- 
trates, chlorates, ete. 


A colorless gas, smelling 


of bitter almonds. HCy from a cyanide, 


1 Formerly called a “ hyposulphite.” 


|? 
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| Experiment. 


FOR ACID-RADICLES. 
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Observation. 


Inference. 


412. Exp. II.— Heat) 1. A gas is evolved with 


another portion gen- 
4 with strong H.SO,. 
ote-—No attention 
need be paid to gases 
evolved in Exp. I (411). 


Conjirmatory. Mix 
some of the substance 


with MnO, free from j 


chloride, add _ strong 
H,SO, and warm, 


413, Conjirmatory. 
Drop into the hot 
liquid a few small 


pieces of copper. 


: 414. Conjfirmatory.—Boil 
some of the substance 
with water, or take 
some of the solution 
if a liquid; cool, add 
about twice as much 
strong H.SQ,, cool, 
and pour cold solution 
of FeSO, carefully in 
upon the top of the 
acid liquid. 


412, 2, note.) 


ungent smell, which 
umes in the air, and 
renders milky a drop 
of AgNO, solution 
made acid with HNOg. 


A yellow gas is given off 
with strong smell, and 
which bleaches moist 
litmus-paper (418). 

Brown vapor is given off, 
which colors a little 
moist starch powder 
orange-red. 

Violet vapor is given off, 
which colors a drop of 
starch paste blue. 


2. A heavy fuming suffo- 
eating gasis evolved, 
and the liquid behaves 
as if the glass were 
greasy ; on rinsing out 
the tube, and drying 
it thoroughly, the in- 
side is seen to be cor- 
roded and dimmed. 


8. The acid fumes are 
reddish, usually seen 
only on heating after 
adding a few frag- 
ments of Cu, 


A dark-brown ring or 
Jayer forms upon the 
surface of the acid, 
best obtained on cool- 
ing the liquid by im- 
mersing the test-tube 
in cold water. 


4, Greenish-yellow gas, 
smelling like Cl, and 
exploding when 
warmed. Confirm by 
adding indigo solution 
and H»SOsgto the color- 
less aqueous solution 
of the substance (252). 

For detection of a ni- 
trate and_ chlorate 
when mixed, see (256). 


5. The substance 
changes from yellow 
to green, O being 
evolved as is shown by 
a glowing taper. 


HCl, HBr, HI, HF! from 
chloride, bromide, 
iodide, or fluoride. 


Probably Cl from a 


chloride. 


Br from a bromide. 


I from an iodide. 


HF from a fluoride. 

Note-—The HF acting 
upon the silica of the 
glass evolves Sify,which 
is deteeted by holding a 
moistened glass rod in 
the gas ; SiO, is deposited 
as a gelatinous film upon 
it. 


Presence of a nitrate. 
Note-—If iodide is 
sige it must usually 
e separated by CugSO, 
(266) before a nitrate 
can be detected. 


Presence of a nitrate. 


Presence of a chlorate. 


Presence of a chromate. 


1 HF would also render the drop milky by depositing SiO. from Sil’,, formed 
by its action on the glass, but it is distinguished by corroding the glass. (See 
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Experiment. Observation. Inference. 

6. Yellowish-green gas, | Cl from a hypochlorite 
with suffocating smell, (detected already in 
which bleaches moist | 411), or from a chlo- 
litmus. ride in presence of 

Mn0Ozg, ete. 

7. The same gas as in 6, 
but colored reddish- 
brown by nitrous | A chloride in presence 
fumes: of a nitrate or nitrite. | 

8. Or colored reddish- | A chloride in presence 
brown by CrOClo. of a chromate. 

9. Substance does not 
blacken, but evolves 
CO, which burns with 
a blue flame, and COg, 
which turns a drop of 
lime-water milky. Presence of an oxalate. 

10. Substance blackens, 

4 and SOgis smelt. Presence of a tartrate. 


11. A smell of acetic acid Sa. 
or vinegar is noticed. | HA from an acetate. 
415, Conjfirmatory.—Add 
a little alcohol to the 
substance and heat 


Ethyl-acetate from an 
with H,SO,. 


acetate, 


Strong fragrant odor. 


NovTeEs ON THE PRECEDING TABLE. 


416. If HCl has been employed in dissolving the substance, the 
acid-radicles detected by the action of HCl will have been already 
noticed in preparing the solution for metals (383). 


417. The S present in sulphides which are not decomposed by 


dilute HCl, is detected by fusing the powdered substance with two 
or three times as much fusion mixture (Na2COs + K,yCOs) in a covered 
crucible, boiling with a little water, and placing a drop upon a bright 
silver coin, when a dark stain will be produced ; or by adding excess 
of an acid to the solution, when H2S will be evolved. Smaller quan- 
tities of S may be detected by the formation of a black color or pre- 
cipitate on adding PbA2 to the solution. 

418. Chlorides treated in this manner evolve Cl, recognized by 
its color, smell, and bleaching action on litmus-paper ; but this test 
for chlorides is reliable only if the precautions stated in (259) are 
attended to, since many samples of MnQO2 evolve Cl when warmed 
alone with H2SQ,. 


ee 


EXAMINATION FOR METALS. 245 


EXAMINATION FOR METALS. 


After the preceding preliminary examinations have 
been made, a solution of the substance is made as directed 
in (383 et seq.), and this solution is further examined in a 
more systematic manner. ‘This is often called “The Ex- 
amination in the Wet Way.” See next page. 
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419. GENERAL TABLE FOR SEPARATION | 


If the substance for analysis is a liquid with neutral or alkaline reactio 


examined as directed below. 


In this table, and also in the group tables which follow, it has been | 
precipitate will be produced when the reagent is added for its detection ; 


The precipitate may con- 


Pees ind er Am,S. 
PtS,—black] 


Table II (435). 


Note 1.—This precipitate 
should not be examined at 
once, as possibly a precipi- 
tate may be formed on 
boiling the filtrate, and 
this would have to be 
added to the above, 


Note.—The absence of Pb| Note2.—Unless the liquid 
is not proved if it is not | has been sufficiently di- 
precipitated in this group, ‘luted some of the above 
as PbClg is somewhat sol-| metals may be alterwards 
uble, and Pb may there-| precipitated by Am,S in 
fore be found only in!) Group III, -and cause 
Group IT, much confusion. 


_Add to the greater part of the “original solution” ' HCI; if any precipitate is produ 


The filtrate or solution, which must give no further pre 


Examine the precipitate by | The precipitate may cont 


Examine the precipitate - 


NotTes TO THE GENERAL TABLE. 


420. If the liquid under examination is alkaline or neutral in 
reaction, before commencing the examination by the general table, 
HNOs must be added in slight excess; if no precipitate forms, pro- 
ceed at once to examine the liquid by the general table; if a precipi- 
tate is produced, more HNO, is to be added, and the liquid heated ; 


1 By the “original solution” is meant the solution of the substance 
if a solid, or the substance itself if a liquid, to which no reagent has 


been added. 


(419. 


tain— then diluted with water (425), unless it is already dil 
PbCl_,—white. warmed gently (426, 426 a) and filtered : 
gia - 

&2Cle—white. The precipitate may con- | The solution or filtrate 

(See 422.) | “12 Precip . cipitated : as soon as 

ish until it ceases tos 

HgS—black Insoluble | and the residue gently 

PbS—black in KHO| and heated, then wat 

BigSs—black and an } 

CuS—black Am.S. Add afew drops of the 

: ae CadS—yellow tate shows the presence: 

Examine the precipitate 

|, by Table I (433). SnS—brown Add to the rest of the HCl 
SnS.—yeltow Soluble once any precipitate w 

SboSs—orange (in KHO| (429): if a phosphat 
AsSg—yellow and in| phatesare absent procee 


[Note-—Refé 


Al,Hog—almost colorless 
CrpHog—light green. 
Fe.Hog—reddish-brown. 


Se 


ble III a (436). 
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TALS INTO GROUPS BY GROUP REAGENTS. 


nires special treatment (420); if its reaction is acid, it may be at once 


ed that all metals are present ; if a metal or group of metals is absent, no 
ice no filtration is necessary, the solution being then treated as a filtrate. 


tinue to add HCl as long as it causes any further precipitate (421), warm and filter: 


. on addition of several drops of HCl, is boiled down if necessary (423), and is 
s then saturated with H,S by passing the gas through the solution’ (500 a), and 


-_—— 


d and H.S is passed again into it, to make sure that Group II is completely pre- 
duces no further precipitate the clear solution or filtrate is boiled in a porcelain 

S (427), a little strong HNO, is then added, and the liquid is evaporated to dryness 
ed in the dish. When the dish is cool, a little strong HCl is poured upon the residue 
led; any undissolved residue is filtered off (428). 


ition to some AmH™Mo0, solution in a test-tube, and warm gently ; a yellow precipi- 
sphate ; if no precipitate is formed with AmHMo0O,, phosphates are absent. 


n Am(Cl, heat it to boiling, then add AmHO in excess, boil again and filter off at 
y form as quickly as possible, keeping the funnel closely covered with a glass plate 
sent aS precipitate is produced by AmHO refer to Table iIL p (466), if phos- 
lirect elow : 


3 et seq.), for full directions for precipitating Groups III a and III B.] 


_ the filtrate or solution, which may be colored (430), Am»S in excess, boil and 
er ; 


e precipitate may contain— | Add ie the pees om solution, which must be dis- 
ZnS tinctly yellow or brown (431), Am COs, warm 
Mas toht pink. gently and filter: ; ' 

_ CoS—bdlack. 


-NisS—black. 
The precipitate (482) may | The filtrate may contain 


famine this precipitate at || ¢ontain— Mg, K, Na. 
e by Table III B (4387). Bacto hite. 
SrCO,—white. Examine by Table V 
CaCO3—white. (439). 


Examine the precipitate 
by Table LV (438). 


should a precipitate still remain, it is filtered off and the filtrate ex- 
amined by the general table, commencing with the addition of HC). 
The precipitate caused and not dissolved by HNOs may be finely 
divided sulphur, separated as a white powder from a sulphide, or 
yellow from a theiosulphate ;? this precipitate is recognized by its 
color, and by not being separable by standing or filtration, it may 
be disregarded; there may also be precipitated H,SiO, (gelatinous, 


a tartead of diluting and passing the gas, H,S solution may be 
added. 
2 Often called a “ hyposulphite.” 
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almost colorless), SnO, or metastannie acid (see 420 a), SbgO;, AgCl 
(all three white), Sn&:, As,Ss (both yellow), Sb,Ss (orange). Hence 
a full examination of this precipitate for all that it may contain will 
involve boiling the precipitate with aqua regia, diluting and filtering ; 
the insoluble residue is examined as a substance insoluble in water 
and acids (475), and the aqua regia solution is added to the filtrate 
from the precipitate caused by HNOs, any precipitate caused on thus 
mixing the solutions being examined by Table I (433). 

420 a. Metastannic acid is precipitated from a solution of an 
alkaline metastannate by addition of an acid; it forms a white pre- 
cipitate which becomes golden-yellow when moistened with SnCl, 
solution; it is further recognized by its dissolving in the washing- 
water whilst being washed, but being reprecipitated when the wash- 
ings run into the acid filtrate. 

421. Even if HCl has been used in dissolving the substance, it is 
advisable to add a few drops of the acid to make sure that no member 
ot Group I remains. 

422. It must be remembered that HCl also precipitates strong Ba 
solutions ; this precipitate, however, disappears as PbCl, does on dilut- 
ing with water and heating, thus differing from AgCl and Hg,Cl,. 

423. If HNO, or aqua regia has been used in dissolving the gub- 
stance, or if the solution smells of Cl or SOg, it should be boiled down 
considerably until after adding HCl and boiling, neither of the above 
gases is smelt; it is then diluted, and H,S passed at once whether the 
dilution has caused any precipitate or not. 

If As has been detected in the preliminary examination, H,SO, 
should be added until the liquid smells of SO, after having 
boiled for a short time, and the liquid is then heated for some time 
short of boiling, until it no longer smells of SO,. . This treatment re- 
duces arsenic and stannic compounds to the arsenious and stannous 
condition. In the case of As this reduction is to be recommended, 
since arsenic componnds are not easily precipitated by HS; it is 
also very desirable to reduce stannic compounds, since Sn8, unlike 
SnS readily runs through the filter, and being yellow in color may be 
mistaken for 8. It will of course be necessary to ascertain by special 
tests (187-190, and 201-203), made on the original solution, 1 in which 
state As and Sn were originally present. If any precipitate is pro- 
duced by boiling with H,SOs other than white sulphur, refer to (424). 

424. Whilst boiling with H,SOs some H,SO, is usually formed, 
which may partially or completely precipitate Pb, Ba, Sr as white 
sulphates ; H,SO3 will also possibly precipitate Au, which causes the 
cool liquid to appear blue by transmitted and red by reflected light, 
and on boiling separates as a black powder. Examine any precipi- 
tate formed by H,SOs by Table G (434). 

425. On addition of water, Bi, Sb, Sn may give white precipitates 
of their oxychlorides ; these precipitates may be disregarded, since 
H,S readily converts them into sulphides. 

426, H,S often causes a fine white precipitate of S, owing to the 
presence of certain oxidizing substances, such as Cl, HNO,, HICIOs, 
H,CrO,, H,Mn0O,, HMn0O,, “H,SOs, F enCle etc, ; this precipitate is 
known by its perfect whiteness, and by not being separable by stand- 
ing or filtration, it may be neglected ; great care must however be 
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taken not to mistake SnS, for S; it resembles S in running through 
filter-paper, but is distinctly yellow in color ; it may often be coagulated 
by being shaken or heated. 

426 a. Certain changes may be observed whilst H,S is being 
passed ; they should be carefully noted. Thus Pb and Hg during 
precipitation by H,S show characteristic colors (149, 144) ; a solution 
colored reddish-yellow by H,CrO, becomes green; and a solution 
colored green by H,MnQ, or purple by HMnQ, becomes colorless. 

427. If on boiling the filtrate or solution after passing H,S a yel- 
low precipitate forms, this shows the presence of an arsenic or a 
stannic compound; in this case pass H,S into the boiling liquid as 
long as it causes any further precipitate, filter off and add this pre- 
cipitate to any precipitate already obtained by H,S to be examined 
by Table IT. 

. 428. SiO, and other substances may be present in this residue, 
but SiO, is distinguished from them all by readily dissolving in hot 
K HO solution. 

The other substances which may remain undissolved by HCl are 
Al,O3, Fe,O3, Cr,O3, rendered difficultly soluble by the ignition to 
which the residue has been subjected ; they are dissolved by long- 
continued heating with strong HCl, and the solution is added to the 
other solution which is to be examined for Group III a. 

BaSO, and SrSO, may also remain undissolved; they are detected 
by heating some of the residue strongly for a short time in the inner 
blowpipe flame upon a loop of platinum wire, then moistening the 
loop with a drop of strong HCl and holding it in the outer part of 
the Bunsen flame; crimson-red flashes appearing red through the 
indigo-prism prove the presence of Sr ; a yellowish-green flame color- 
ation shows Ba. 

A less ready method of detecting Ba and Sr isto dry the insoluble 
residue, fuse it on platinum foil with three or four times as much 
fusion mixture; allow it to cool, then boil with water until the mass 
is disintegrated, filter, wash the residue well upon the filter, and ex- 
amine it by Table IV (438) for Ba and Sr only. 

429. Mn and Zn are very liable to be precipitated with Fe,Ho,, 
Al,Ho,, Cr,Hog. The precipitation of Mn is partly prevented by 
keeping the liquid from exposure to the air after adding AmHO: 
but the further precaution should be taken of dissolving the precipi- 
tate produced by AmHO in HCl and reprecipitating it by AmHO, 
then filtering and adding the filtrate to the original filtrate from the 
Group III a precipitate: this treatment of the precipitate should be 


_ repeated several times, if small quantities of Zn or Mn have to be 


looked for in presence of Al or Fe; or better still Groups II a and 
III B may be precipitated together (459) and the precipitate exam- 
ined by Tables III c (464, 465). See rules (463). 

430. The filtrate or solution, after adding AmCl and AmHO, may 


be colored blue by Ni, or reddish-violet by Cr,Hog which is dissolved 
in the excess of AmHO. 


The Cr,Hog must be removed before proceeding to examine for the 


_ three remaining groups; it is readily separated as a pale-green floc- 
_ culent precipitate by boiling the liquid for a short time in a procelain 
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dish, adding a little more AmHO if the liquid does not smell of NH, 
after being boiled for a short time; this precipitate is filtered off, and 
the filtrate, which is colorless if the Cr has been entirely removed by 
boiling the liquid sufficiently long, is further examined for Groups 
III s, IV, and V by the general table. 

The coloration due to Ni differs from that caused by Cr,Hog in not 
being thus removed by boiling the liquid. 

431. A brown or dark-colored filtrate shows that Ni is resent," some 
of the NiS precipitated by Am,S having been dissolved in the excess 
of Am,S and giving the filtrate its dark color. If this coloration is 
noticed the filtrate should be poured into a porcelain dish and boiled, 
occasionally adding water if necessary, until on removing the lamp 
for a short time the black NiS settles, leaving a colorless liquid. The 
liquid is then run through a small filter, and the black precipitate 
tested for Ni by fusing a portion of the filter-paper stained by the 
NiS in a colorless borax bead: if a bead is obtained, which when 
heated in the outer flame is violet or brown whilst hot, and yellow 
when cold, and which becomes gray or opaque in the inner flame Ni is 
certainly present and need not be further tested for in Table IIT 3. 

The colorless filtrate is examined by the general table for Groups 
IV and V. 

432. Part of the precipitate produced by Am CO, often adheres 
firmly to the inside of the vessel in which it has been produced ; in 
this case rinse the tube out several times with distilled water and 


then dissolve the precipitate by pouring in some hot HA, causing it 


to run over the inside of the tube, and add this solution to the HA 
solution of the Am,CO, precipitate made in Table IV. 


* If Groups III a and III B have been precipitated together by 
AmCI, AmHO, and Am,S added in succession (459) the brown color- 
ation of the filtrate may also be due to CrgHog: on boiling the filtrate 
colored by Cr,Hog in a porcelain dish for several minutes, pale-green 
Cr2Ho, is precipitated, which cannot be mistaken for black NiS. 


433,434.] TABLE I.—SILVER GROUP. 
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____ The precipitate produced by HCl may consist of PbCl,, 
_ AgCl, and Hg’,Cl,: the precipitate on the filter is washed 


five or six times with boiling water, the first portions of 


the washings being kept apart: 


The first portions of the 
washings may contain 
PbCl, in _ solution, 
which if present in any 
quantity will be de- 
posited in brilliant 
erystals on cooling. 

Test for, or confirm the 
presence of, Pb, by 
adding to the washings 
KeCrO,: a yellow pre- 
cipitate readily soluble 
in KHO shows; 


Presence of Pb. 


Residue: pour upon the precipitate on the filter 
some hot AmHO; when this bas run through, 
heat it again, and pour it once more upon the 


filter. 


Filtrate: add HNO, 
until the liquid is 
acid ; a white pre- 
cipitate uniting 
into curdy parti- 
cles when shaken 
or boiled shows: 


Presence of Ag. 


black: dry at a gentle 
heat, best in a steam-bath ; 
scrape the precipitate off 
the filter, mix with some 
dry NagCOgz, and heat in a 
small ignition-tube (147). 
Globules of Hg form on 
the sides of the tube, often 
appearing only when the 
inside of the tube 


is 
rubbed or examined with 
a lens: 


Presence of Hg! (Mercu- 
rosum), 


434. Taste G.—EXAMINATION OF THE PRECIPITATE FORMED 
on Bortine THE HCl SoLution witH H,SO;. (See par. 424.) 


The precipitate produced by H,SOs may contain Au, PbSO,, BaSQ,, and SrS0,; 
the last three substances are perfectly white, and Au, if present, is therefore 
usually seen by coloring the precipitate brown or black; the Au is also usually 
visible during precipitation by H,SOsg, or after the white sulphates have subsided, 
since it colors the liquid blue by trausmitted and reddish by reflected light. 

Ba and Sr can often be at once detected, if present, by taking a little of the 
moist precipitate on a loop cf platinum wire, heating in the inner hlowpipe 
flame for some time, moistening with HCl, and examining the flame coloration; 
but a more trustworthy method of proceeding is the following: 

Rinse the precipitate into a small porcelain dish, using as little water as pos- 


sible; dissolve in the liquid a small crystal of HgT or add a few drops of strong 
HA; then add AmHO until it is just in excess, and boil for a short time; let 
stand and decant through a filter: 


Solution may con- 
tain PbSO,; add 
HA in excess, 
then K.eCrO,; a 


Residue: pour upon the residue in the dish a little HCl 
and a few drops of HNO,, heat to boiling, let staud, de- 
cant into a porcelain dish: 


‘2. | Solution: boil until the | Residue: dry by gently 
sa smell of Cl is removed; | heating the dish, fuse 
Tt shows: add several drops of | with fusion mixture on 

E fresh FeSO, solution; a | platinum foil, and exam- 

Presence of Pb. blue coloration and red- | inethe mas$for Ba and Sr 


dish precipitate show: 
Presence of Au. 


as directed in the last part 
of (428). 
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The precipitate produced by H,S in the HCl solution, 
of the washing-water, collected in a test-tube, give no precipi 
from the filter and boiled with KHO or a small quantity of Am 


GROUP. II a—COPPER GROUP. ~ 


(435. 


435 a. The residue may contain HgS, PbS, BisS;, CuS, CdS. After having washed the p 
cipitate and allowed it to drain, remove it from the filter into a porcelain dish (26d), p 
upon it strong HNOs sufficient to cover it completely, and heat gently as long as any 
fumes come off, adding more strong HNO gif necessary to prevent evaporation to dryn 
Boil off nearly all the acid, add a little water and dilute H.SO,, let stand for some til 


stirring occasionally, and filter ; 


Residue may contain 
PbSO, (white), 


(black), 
Note 1. 


Hgs 
see 


Remove the precipitate into a 
porcelain dish, using as little 
water as possible; add a little 


HA, then .AmHO in excess, 


boil and filter ; 


Residue: dry on 
the filter at a 
entle heat, 
est in, the 
steam oven. 
Scrape the 
dried residue 
off the filter 
(Note 2), and 
heat it, mixed 
with dry Na,CO3 
in a small igni- 
tion-tube; glob- 
ules of Hg form 
on the sides of 
the tube, which 
become visible 
when rubbed 
or when looked 
for by a lens: 
Presence of Hg" 


,(Mercuricum). | 


| in 
then K,CrO, 
i) 


| 
| 


” Filtrate : 
Add HA 
excess, 


yellow 
precipitate: 


Presence of 


Filtrate may contain Bi, Cu, Cd. 


Add AmHO in excess, boil and filter: 
[Note.—A blue coloration shows presence of Cu.] 


Precipitate (not easily | Filtrate: add HCl until the lic 
is acid, then pass H.S to sati 
tion, filterand wash quickly, ki 
ing the filter covere 
plate; rinse the precipitate | 
a test-tube, pouru : 
lute H2SO,, boil and filter thro 
a covered filter (Note 3): ; 


seen in dark-blue so- 
lutions); wash with 


hot water, dissolve off | 


the filter by pouring 
upon it a few drops of 
boiling dilute HCl, 
pour this solution 
into a large quanti- 
ty of cold distilled 


water, a milkiness ap- | 
pearing at once or) 


after stirring and let- 
ting stand for some 
time, shows: 


Presence of Bi. 
Note.—A_ precipitate 


produced by AmHO) 


must, always be tested 
as above for Bi, since 
Pb and Hg might pos- 
sibly appear here as 
white precipitates and 
be mistaken for Bi. 


witha g 


n it some 


Residue: dissolve 
by pouring a 
little boiling 
Pea the 
filter, add tothe 
solution AmHO 
in excess, then 


HA in excess, 
and a few drops 
of K,FeCy,: a 
chocolate - red 
precipitate 
shows : 


Presence of Cu. 


Note 1.—A white residue does not necessarily show the absence of Hg. 
Note 2.—If the amount of the residue is toosmall to be removed the 
portion of the paper containing it may be cut up and mixed with 
Na2COs. For the precautions requisite in performing this test see (147). 
Note 3.—Unless this precipitate is filtered in a covered funnel, 
washed quickly, and examined at once, CuS is liable to be oxidized 
and to pass into the filtrate as CuSO, ; it then discolors the CdS pre- 
cipitate, or may be entirely overlooked if present in small quantity. 


* If traces of Cu have to be tested for, NaS should be substituted 
for Am,8, since CuS is somewhat soluble in Am,S; but Sn’’S and 


Filtrate : 
much We 
and pass 
for some t 
(or add n 
H,S-water), 
yellow pre 
tate shows: 
Presence of 
Note. —If — 
precipitate 
dark - colo 
CuS is pre 
(see Note 
filter it off, 
it once 
with H.SO 
ter and test 
filtrate b 

as above, foi 


Au,S3 are much more readily soluble in Am,S. 


4350.) 


filtered : 


ow; i 
e absent, 


SENIC GROUPS. 


ng been well washed with hot water until the last few drops 
nly a very slight milkiness on addition of AgNO,, is removed 


$ solution just short of boiling (N 


AND ARSENIC GROUPS. 


GROUP II 3.—ARSENIC GROUP. 


jiltrate may contain AsoSs, Shes, SnS3, SnS, [AugSs, PtS,]. Add to it HCl until it is acid, 
pass H.S unless the liquid smells strongly ; the above sulphides if present will be re- 

ecipitated ; a mere milkiness due to precipitation of S may be disregarded. 

Phe precipitate is filtered off and examined as directed in 435 D (see Note 4, below): 

b. Remove the precipitate from the filter i 

possible; add a little strong HC 
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nto a porcelain dish, using as little water 
land heat, occasionally dropping in a crystal of KCIOg, 
il the precipitate dissolves entirely, or leaves only a slight residue of sulphur. Heat 
ote 5) until it ceases to smell of Cl (Note 6), then cool 
and pour it, through a filter if necessary, into a small flask (181) containing pieces of 
re Zn: if the gas does not come off readily, 


ter passing through some PbA, solution (see caution 181) to bubble through some AgNO s 
tion contained in a broad test-tube. As soon as the evolution of 
ore Zn, unless some remains undissolved in the flask, and as soon as the gas ceases to 
ne off, some Zn still remaining undissolved, remove the test-tube containing the AgNO, 
ution; if any black precipitate has formed in this solution it 


add a little strong HCl, and cause the gas 


gas slackens, drop in 


must be examined as 


f the liquid has remained clear and colorless it may be rejected, since As and Sb 


idue in the flask may con- 
st of Sn (Pt, Au), and excess 
Zu; remove any deposit of 
by shaking the pieces of 
h well with the liquid and 
ag pouring off into a 
sh, decant the liquid and 
ash the Sn by decantation 
ithe dish; boil the residue 
‘ith a little strong HCl ina 
st-tube, then quickly dilute, 
ecant (Note 7), and add 
gCle to the solution; a 
fhite precipitate, becoming 
lack with AmHO, shows: 


Presence of Sn (Note 8). 


To the liquid in the test-tube add several drops of AgNO, 
solution, filter: 


Precipitate: wash well with 
boiling water until HCl gives 
no milkiness with the last few 
drops of the washing-water, 
then pour upon the filter a 
little boiling dilute HeT so- 
lution, boil it and pour it 
again through the filter; re- 
peat this several times, then 
add to the solution HCI] and 
pass H,S; an orange-red pre- 
cipitate shows : 

Presence of Sb. 
Note.— This precipitate is 
often only seen on settling 
from the yellow liquid. 


Filtrate: dilute several 
drops of AmHO largely 
in a test-tube and add 
this liquid drop by drop 
to the filtrate: a light- 
yellow precipitate which 
settles in flocks on shak- 
ing the liquid shows: 


Presence of As (Note 8), 


by the method in (210). 
is recommended by its greater simplicity. 

Note 5.—The solution must not be heated to boiling, else SbCl; or 
SnCl, might be volatilized if present. 

Note 6.—In this solution As and Sn will be present as stannicum, 
and arsenicum, and in this state are not well suited for detection: the 
following modification makes their detection much more rapid and 
certain, especially when they are present only in small quantity. After 


It is well to pour a few drops of H,S-water into the funnel with each 
fresh addition of washing-water. 

Note 4.—The detection of As, Sb, Sn by the method given in (435 b) 
is very trustworthy and delicate (208) ; it is excelled in these respects 
For beginners, however, the process (209) 
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warming until the liquid ceases to smell of Cl, add H,SO, drop by 
drop, until the liquid after being warmed for a short time smells of 
SO:2; then heat it short of boiling until the smell of SOz is removed, - 
and pour, through a filter if necessary, into the H apparatus. Great 
care must be taken to remove the SO: entirely, else Sb and As may 
remain as sulphides in the H apparatus. 

Note 7.—A residue here will contain Au or Pt if they are present; 
if they are to be tested for refer to (473, 474). 

Note 8.—The precipitation by H2S in the general table will often 
show in what condition As or Sn were present (427); further dis- 
tinctive tests may be tried on the original solution by (187-190) 
and (201-203). 


436. TABLE III a—IRON GROUP. 


The precipitate produced by boiling, after addition of 
AmCl and of AmHO in excess, may contain Al,Ho,, 
Cr,Ho,, Fe,Ho,: the color of the precipitate will usually 
show whether it contains any quantity of Fe,Ho, (red- 
dish-brown), or Cr,Ho, (pale green), since Al,Ho, is 
colorless. 

Dissolve the precipitate by pouring upon the filter a 
little boiling dilute HCl, add to the solution pure KHO 
or NaHO until the precipitate remains after stirring, 
then add KHO or NaHO in considerable excess, boil 


for some time and filter: 


1. Filtrate may contain | 


AloHo,; dissolved in ex- 
cess of NaHO; if it is 
green, CrgHog is also in 
solution and must be pre- 
cipitated by further boil- 
ing in a porcelain dish 
and then removed by 
filtration. 

Add strong HCl gradually 
to the liquid drop by 
drop; a colorless gelatin- 
ous precipitate will form, 
should Al be present. “If 
acid is added in excess 
this precipitate dissolves, 
but reappears on adding 
AmHO in excess. The 
appearance of this pre- 
cipitate shows: 

Presence of Al. 


Note-—Sodium and po- 
tassium hydrates are very 
liable to contain AloHog: 
the analyst must ascertain 
that the Al does not come 
from this source. 


2. Precipitate may contain CreHog and FeaHo,g. Dry upon 
the filter, carefully avoiding charring the paper; when 
sufficiently dried the substance will have shrunk con- 
siderably into small, hard, dark-colored pieces; detach 
these from the filter and fuse them with a little solid 
NagCO3 and K NO, upon a piece of platinum toil, either 
supported upon a pipeclay triangle or held in the Bun- 
sen flame by crucible-tongs. Continue the fusion by 
heating the under surface of the foil in the blowpipe 
flame as long as any frothing occurs, then allow to cool ; 
a yellow mass indicates the presence of Cr (Note 1). 
Boil the platinum foil in a small porcelain dish with 
water until the substance is entirely dissolved or only a 
dark-brown powder (Fe.Q3) remains undissolved ; take 
out the foil, allow the powder to settle, and decant the 
liquid through a filter: 


3. Filtrate will be yellow if Cr'4. Residue in porce- 
is present (Note 1a). Add HA | lain dish; dissolve by 
gradually until it is in excess, | Pearane in a little 
which is shown by the color be- | Cl and boiling, add 
coming reddish, boi] for several) Some water, then a 

; = . | few dropsof KCyS so- 
minutes, then add PhAgsolution; | jution: a blood-red 
a yellow precipitate shows; , 


coloration shows : 
Presence of Cr (Note 2). Presence of Fe (Note 3). 


mer 
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Note 1.—If Mn was present in the original substance, it is often 
precipitated more or less completely with the Fe, and will be detected 
by imparting to the fused mass a bluish-green color; this should be 
noted, as the Mn may possibly be entirely precipitated in this group, 
and will then not be detected in the next group. 

Note 1 a.—The green color, due to the presence of Mn, conceals the 
pale-yellow color due to Cr; but on dissolving the cool mass in water 


and boiling with HA, the manganese coloration is destroyed; and, 
on filtering from any dark-colored precipitate, the yellow color due 
to Cr becomes evident. 

_Note 2.—Cr may have been present as a chromic salt, Cr replacing 
H in an acid; or as a chromate, Cr being united with O to form an 
acid-radicle. Ascertain in which state it was present by boiling some 
of the original substance with Na,CO, solution and filtering ; a yellow 
filtrate, which on being acidified with HA gives a yellow precipitate 
with PbA,, shows that Cr was present as a chromate ; Cr, previously 
combined with an acid as a chromic salt, remains undissolved as green 
ig and does not color the filtrate: it is found by 2 in the above 
table. 

Note 3.—Fe is always detected here in the ferric condition, since, 
even if originally present as ferrosum, it will have been oxidized by 
boiling with HNOs as directed in the general table. To ascertain 
in which condition the Fe was present, boil some of the original sub- 
stance with HCl, and divide the HCl solution, after filtering, if neces- 
sary, into two parts: to one portion add KeFe,Cyi, a dark-blue pre- 
cipitate shows presence of Fe’’ (Ferrosum): to another portion add 
KCyS, a blood-red color shows presence of Fe’’’ (Ferricum). 


437. TABLE III s—ZINC GROUP. 


The precipitate produced by Am,S in the solution or 
in the filtrate from Group III a, may contain ZnS, Mns, 
NiS, CoS. The color of the precipitate will usually show 
whether it contains any quantity of NiS or CoS which 
are black, or consists only of MnS (pink) or ZnS (white). 


The presence of Ni, indicated by the filtrate after boiling with 
AmHO in the general table being blue in color, and also by a dark- 
brown filtrate being obtained after boiling with Am,§, will usually 
have been proved to a certainty by the examination in the borax bead 
of the black NiS, precipitated by boiling the dark-brown filtrate from 
Am,S (431); if Ni has been thus found its further detection in the 
Am43S precipitate, as directed below, will be unnecessary. 
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Remove the precipitate from the filter with cold dilute HCl 
the liquid to stand, occasionally stirring it well. The precipi 
milky liquid may be at once examined by 2 (below), or a bk 
(below), the filtrate being examined by 2: : 


1. Residue (black) may contain NiS, CoS. 
Examination by the borax bead: : 
Fuse a sma}! quantity in a clear borax bead in the extreme tip of the outer blowpipe fla n 
note its color; then fuse the bead for some time in the inner blowpipe flame, and a 
observe its color. Any one of the following observations may be made: 


Blue bead in both | Brown or yellow bead, when cold A bead which is neither brown | 
flames shows: after fusing it in the outer | blue, but of some intermed i 
Presence of Co. flame, which becomes gray or hue on cooling from bin out 
Co need not be further | opaque, in the inner flame,| flame, indicates the I 
tested for, but if any | shows presence of Ni, absence | presence of both Co an Ni. 
doubt exists as to the | of Co. Examine the remainder of 1 
presence of Ni the | Unless mere traces of Cohave| black residue as directed bel 
rest of the residue | to be tested for, no further ex-| for Ni and Co, or for Co alg 
must be examined as| amination need be made, if Ni has been already dete 
below. by (481). 


Further Examination of the Residue.—Rinse the residue from the filter into a porcelain di dis 
using as little water as possible; pourin a little strong HCl and boil for some time, addi 
occasionally a small crystal of KC10g, until the black residue is entirely dissolved or 0 
a small quantity of dark sulphur remains; then boil down nearly to dryness, a blue liqu 
shows presence of Co; dilute with a little Ww ater, filter if necessary into a boiling-tube ai 
pone in KCy solution slowly until the precipitate formed at first is just Serpe 

riskly for several minutes, and add much strong NasCl,0, or make decidedly t 
with NaHO and add much Br-water ; heat nearly to boiling, and allow the quad sta 
at least ten minutes, filter (Note 1, page 257): 


3. Precipitate (black): wash and | 4, Filtrate must be warmed with more NagCleO o 
confirm the presence of Ni by water, and filtered from any additional precipita 
fusing some of the precipitate, which may form, then evaporated to dryness a 
or the paper stained with the| strong HNOg poured upon the residue as long as a 
precipitate, in a borax bead in frothing is caused; this is then evaporated just | 
the outer and inner blowpipe dryness, the residue dissolved in water, excess of KH 
flames; a bead yellow when cold,| added to it, and any precipitate filtered off and fus 
becoming black in the inner into a borax bead, taking the paper stained by th 
flame shows: precipitate if the precipitate is not easily remove 

Presence of Ni. a blue bead shows: 
Presence of Co. 


438. TABLE IV.—BARIUM GROUP. 


The precipitate produced by Am,CO, may contain 
BaCO,, SrCO,, CaCO, ; it is to be well washed with boil- 
ing water. Before dissolving the precipitate off the filter 
much may usually be learnt by an examination of the 
flame coloration yielded by the HCl solution (see 1 
below). The results thus obtained are afterwards con- 
firmed in the wet way (see 2 below). 
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bway described in par. 26 ¢; take out the paper and allow 
either dissolve, leaving only white sulphur, in which case the 
ue will be left which must be filtered off and examined by 1 


plution or 


ind filter: 


recipitate is white at first, but 
pidiy darkens inthe air. Fuse 
portion of it with solid 
ts9COz and KNO, on platinum 
il; a bluish-green mass is ob- 
ined on cooling showing: 
Presence of Mn. 


pte.—Mn may have been origi- 
ly present either replacing H 
an acid, or combined with O 
an acid-radicle. Its presence 
in acid-radicle is indicated by 
‘color of the original solution, 
e in the form of manganate 
green, and as permanganate 
purple; these colors disap- 


some time, or on passing H,S. 


r on boiling the HCl solution | 


jiltrate may contain Zn, Mn. 

lin a porcelain dish until it ceases to smell of H,S, then drop in a small crystal of 
(C103, and boil for several minutes. After cooling the liquid add pure NaHO until 
iter stirring the liquid it turns red litmus-paper blue, then add more NaHO, stir well 


6. Filtrate: pass H,S, a white precipitate forms, often 
somewhat discolored, showing; 
Presence of Zn. 


Note.—From a dilute solution of ZnHogin NaHO the 
ZuHog is precipitated on boiling; hence after adding 
NaHO, as directed above, the liquid must not be boiled, 
else Zn might be precipitated with the MnHo, and 
escape detection. 

But by diluting and boiling the above filtrate it is 
usually possible to cause any ZnH0ozg it holds in solution 
to precipitate, especially if the alkalinity of the liquid 
be somewhat reduced by cautious addition of HCl in 
quantity insufficient to make the liquid acid. If this 
precipitate be separated by pouring the liquid through 
a double filter and then be dissolved off the filter and 
the sides of the boiling-tube by a little boiling HA, ZnS 
may be precipitated perfectly white from this solution 
by HS, showing ; 

Presence of Zn. 


Note 1.—If this precipitate adheres to the sides of the boiling-tube, it is 
solved, after the liquid has been emptied out, by pouring in a little boiling 
‘1; from this solution the Ni is precipitated by addition of KHO, and the 


en ipitate filtered off and tested by the borax bead for Ni. 


1. Examination by Flame Coloration.—Take a small 
quantity of the precipitate off the filter upon the end of a 
glass rod, and dissolve it by moving the end of the rod 
about in several drops of HCl on a watch-glass ; dip into 
this solution a loop of platinum wire which imparts no 
color to the flame, then hold the loop for some time in 
the Bunsen flame, repeating the process if the coloration 


is not satisfactorily observed at first. 


Ca will impart to 


the flame a yellowish-red color, Sr a crimson-red, Ba a 
yellowish-green. The red colorations yielded by Ca and 
Sr are distinguished by viewing the flame through the 


22 
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indigo-prism ; the Ca coloration then appears dingy green, whilst 
its coloration remaining after the others have disappeared. When 
interfere with one another ; but if at any time a red color is visi- 
coloration is visible without using the prism, the presence of 


2. Examination inthe Wet Way.—The rest of the precipitate 
again boiling the liquid, and pouring it once more through the 


the solution is acid, and if it is not, add HA whilst stirring 
acid solution into a test- tube,and put by the larger portion (B). 
lower part of the tube in cold water or holding it in a stream from 
precipitate forms refer to Column I (below) ; ; if no immediate 
then forms refer to Column II; if no precipitate forms even 


I, An immediate precipitate is produced by CaSO, in the cold, showing : 
Presence of Ba. 

Portion (B) must then be tested for Sr and Ca which may also be present ; 
examine it as directed below : 
Add K,CrQ, solution until the color of the liquid is reddish-yellow; heat, 
and filter through a double filter-paper, pouring the filtrate through the 
same filter repeatedly if necessary until the liquid is quite clear; then 
add to the liquid, which must be orange-red in color, AmHO until the 
color changes to pale yellow, then add Am,CO, solution : 


No precipitate forms, | A precipitate forms, showing Sr, Ca, or both of them, 
showing: re be present. Add to the — ‘Am,COs i In excess, 

s lter, reject the filtrate and dissolve the precipitate 

: a. 

onan deehoaaae off the filter in as little boiling HA as possible; 
pour off a small part (A’) of this solution, resery- 
ing the larger portion (B’). To (A7) add CaSO, 
solution and boil: 


No precipitate forms: A precipitate forms: 
Absence of Sr. Presence of Sr. 
Examine portion (B’) for | Examine portion (B’) for 
Ca as directed at (C) | Ca as directed at (C), 
in Column IIT. Column IT. 


439. TABLE V.— 


The filtrate, after addition to the original solution of all the 
NH,. Since, however, NH,-salts have been added as group re. 
detected by boiling a portion of the original substance with KHO 
would be recognized by its smell or its action on moistened rec 
NH, since it will have beenalready tested for in the prelimina 
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he Sr coloration still appears crimson ; Ba is usually found by 
ll three metals are present together their colorations are apt to — 
le through the indigo-prism, Sr is certainly present; if a green 
$ proved. 

s dissolved off the filter by pouring upon it a little boiling HA, 
Iter if the precipitate is not entirely dissolved. Test whether 


intil the liquid is acid, then pour off a small portion (A) of the 
‘0 the portion (A), after it has been cooled by immersing the 
he tap, add several drops of CaSO, solution; if an immediate 
recipitate forms heat the liquid to ‘boiling, and if a precipitate 
ifter several minutes refer to Column III. 


II. A precipitate is not formed at once on the | III. No precipitate is produced 
_ addition of CaSO, but appears on boiling the| by CaSO, even on boiling, 
| Liquid, showing : showing : 
Absence of Ba and presence of Sr. Absence of Ba and Sr, and 
presence of Ca. 
C. Portion (B) is then examined for Ca as | C. Confirm the presence of 
{ directed below: . Ca by making portion (B) 
Add dilute H,SO, in excess, boil and filter, alkaline with AmHO (35a), 
reject the precipitate ; add tothe filtratesev-| then add Am,C,0, solution ; 
- eral drops more H,SO, and boil; if this| a white precipitate forms, 
causes any precipitate boil and filter, and | showing: 
again test the filtrate by addition of H,SO0, Presence of Ca. 
and boiling; repeat this process if neces- (See. note below.) 
sary. To the clear filtrate, which gives no | Note-—If mere traces of Ca 
_ further precipitate on addition of H,SO, | have to be tested for, the filter- 
and boiling, add gradually AmHO until | paper used in the analysis 
after mixing the liquid by thorough stir- | must first be freed from any 
ring or shaking, it turns red litmus-paper | traces of Ca it may contain 
_ blue, then add Am,C,O, solution and warm | by wetting it with dilute HCl, 
gently; a white precipitate, often appear- | and then thoroughly washing 
ing only after a time, shows: it with distilled water, as 
Presence of Ca. described in the note to par, 
(See note, Column ITT.) 23 a (p. 63). 


POTASSIUM GROUP. 


" oup reagents in succession, may still contain Mg, K, Na, and 
wwents, it is useless to test for NH, in this filtrate ; “NH, must be 
solution, and ascertaining whether any NH, gas is evolved, which 


itmus-paper. It is, however, usually unnecessary to test here for 
examination (390). Proceed to examine for Group V as di- 
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rected below. Evaporate the filtrate from Group IV 
to dryness in a porcelain dish, scrape out the solid resi- 
due and heat it to redness upon a piece of platinum foil 
in the Bunsen flame as long as any white fumes are seen 
to be given off on removing the foil for an instant from 
the flame (Note 1), All NH, compounds are thus entirely 
removed. If any residue remains (Note 2) it is to be dis- 
solved by boiling the foil in a test-tube with a small 
quantity of water to which several drops of dilute HCl 
have been added. Divide this solution into two equal 


parts : 


EXAMINATION FOR Mg. EXAMINATION FOR K AND Na. 


Before testing for Mg in one |In the other portion proceed to test for K and 


portion of this solution it is 
necessary to remove from it 
any traces of Ba,sr, or Ca 
which it may possibly con- 
tain, and which might else 
be mistaken for Mg. 

Add, therefore, several drops 
of H,SO, to the liquid, boil 
for a short time and let 
stand; then, whether a pre- 
cipitate has formed or not, 
add a little Am(C}, then 
Am HO in excess, then sev- 
eral drops of AmgCs0,4, and 
warm gently; if any pre- 
cipitate has formed proceed 
to filter at once as quickly 
as possible. To the liquid 
in which the addition of 
H,SO,, AmC], AmHO in ex- 
cess, and AmoC,04 causes no 
further precipitate add 
NasH PO,, and if no precip- 
itate forms at once warm 
gently, shake or stir the 
liquid violently and let it 
stand for some time; a 
white crystalline precipi- 
tate shows: 

Presence of Mg. 


A bright-yellow flame color- 


Na as directed below. The presence of Mg 
in no way interferes with the detection of K 
and Na, and hence if it has been detected its 
removal is unnecessary. 


Flame Coloration.—Dip into the solution a loop 


of platinum wire which has been proved 
when held in a Bunsen flame not to impart 
any color to it. Hold the loop in the Bunsen 
tiame ; one of the following results will be 
observed ; 


A pale-violet color- 


ation, indicating the pres- | ation, appear- 
ence of Na (Note 3). ing crimson-red 
Examine this coloration | through theindi- 
through the  indigo-| go-prism, shows: 


Presence of K, and 


prism; it appears red 
{ : absence of Na. 


indicating presence of K ; 
if no red color is visible 
K is probably absent or 
present only in very 
minute quantity. 


It is usual to confirm the results of the exami- 


nation of the flame coloration by pouring 
the remainder of the solution upon a watch- 
glass, adding to it several drops of PtCl, 


(Note 4) and stirring well for some time: the 
formation of a yellow precipitate shows: 
Presence.of I. 


See “ Remarks (47),” and Note 5, page 261. 


Note 1.—If the residue is small in amount it may be ignited in the — 


dish ; but this is not to be generally recommended, as the porcelain 
dish is liable to be cracked by the heat, and it is also difficult to get 
entirely rid of the NH, salts by heating only in porcelain. 


Group IV. 


’ Traces of Ba, Sr, Ca may remain unprecipitated by Am,COs in a 


ee ae ee et 


440.] EXAMINATION FOR ACID RADICLES. 261 


Note 2.—It is not safe to place much reliance upon an examination 
of the foil for the detection of a small quantity of residue, but it may 
usually be detected by its producing a crackling noise whilst the foil 
is cooling immediately after its removal from the flame. Should 
there be any doubt, the foil must be boiled with water and a drop of 
HCl, and the solution examined for Mg, K, and Na, as directed above. 

Note 3.—A_ yellow coloration, more or less intense, will almost 
always be obtained here, since nearly all substances and reagents 
contain small quantities of Na; hence the student must note the in- 
tensity of the coloration, and judge from it whether the quantity of 
Na is small or large; he must then enter accordingly, either “ Presence 
of Na,” or “ Presence of trace of Na.” 

Note 4—If iodine is present, PtCl, will produce an intense red 
coloration; hence if iodine is suspected to be present, before adding 
PtCl, the above solution should be evaporated to dryness with a little 
strong HNO,, the residue dissolved in a few drops of dilute HCl and 
tested with PtCl, for K. This is of course unnecessary if, before 
precipitating Group III in the general table, the solution has been 
evaporated to dryness with HNO ;. In case of uncertainty, add PtCl, 
to a drop only of the above solution; and if iodine is found to be 
present proceed as directed above. 

Note 5.—Mere traces of K and Na may be detected by adding 
PtCl,, and evaporating the liquid to dryness in a porcelain dish upon 
a water-bath (504); then pouring absolute alcohol into the dish and 
stirring ; any yellow residue shows presence of K, the solution giving 
the pure Na coloration if Na is present. By filtering off the yellow 
residue and washing it with absolute alcohol, it will yield the pure 
K flame coloration. 


EXAMINATION FOR ACID-RADICLES. 


440. Several acid-radicles will probably have been 
_ already detected for certain, if present, by the preliminary 
examinations. Such are CO,, SO,, S, NO,, ClO, NO,, 


ClO,, A: their reactions are so characteristic, that unless 
interfered with by the presence of other substances, their 
presence or absence will have been proved to a certainty: 
in case any uncertainty is felt, the analyst should refer to 
the reactions given in Section IV for the particular acid- 
radicle in question and select a reaction which will be 
decisive. . 

_. The examination for metals also frequently yields proof 
_ of the presence of certain acid-radicles. Thus on passing 
HS into the HCl solution: 


262 EXAMINATION FOR [441. 


A reddish-yellow solution, becom- 
ing green and depositing white 


sulphur, shows ‘ ; . Presence of CrO, 


A green solution, becoming color- 


less, shows. : ; . Presence of (Mn0O,)"’ 


A purple solution, becoming onlor: 


less, shows. . Presence of (MnO, 


A yellow precipitate of AsS,, ap- 
pearing only when the liquid is 


boiled, shows . . Presence of AsO, 


An insoluble residue of SiO,, after 


evaporating to dryness the fil- 

trate from the H,S-group, shows Presence of SiO, 
And a yellow precipitate obtained 

with AmHMo0O, before precipi- 

tating Group III, shows . . Presence of PO, 


The presence of any of these acid-radicles thus detected 
will require no further confirmation. 

441. Of the acid-radicles which remain to be tested 
for, some can be detected by the plan drawn out below 
(442-445); others are best detected by special tests made 
on the original substance (446-454). 

Much time and trouble may usually be saved by con- 
sidering what acid-radicles can possibly be present. A 
careful preliminary examination will usually have limited 


this number considerably, and it may be further reduced 


443 I. Portion acidified with HC1. Present. — 
On addition of BaCl, solution a white ih ae insol- (SO,)? 
uble on boiling (444, 1), : 
On addition of BaCly solution, a semi-transparent pre- eh ’ 
cipitate insoluble ou boiling (444, 2), _ oe -) (Siky)” 


On addition of AmCl and rere a a ae (Si0,)” 
precipitate, . 5 i 103) 


On addition of FeSO, solution, a dark-blue precipitate, era 


On addition of FesCl, solution, a dark-blue precipitate: tee 
FeSO, yielding a light-blue precipitate, " se " (FeCyg;iv 
On addition of FeCl, solution, a red coloration a cysy 
stroyed by pouring into HgCly ‘solution, . (Cy) = 


1 F will be readily detected in this precipitate, or better 
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by the knowledge already obtained as to the solubility of 
the substance under analysis, and the metals it contains. 
A reference to the table of solubilities (455), and the 
explanatory paragraphs 456, 457, and 458 will show how 
this knowledge is applied. 


GENERAL EXAMINATION FOR CERTAIN ACID- 
RADICLES. 


442. Before employing the liquid tests it is advisable 
to separate from the substance any metals other than K, 
Na, and NH,, which it may contain, since some of these 
are liable to be precipitated by the reagents added for the 
detection of the acid-radicles. If alkali-metals alone are 
present this separation is unnecessary, since they are not 
precipitated by any of the reagents. 

This separation of the metals may usually be effected 
by boiling a portion of the substance with Na a,CO, solu- 
tion, which must be added as long as it causes any pre- 
cipitate. Filter from the precipitate, and divide the clear 
filtrate into five equal portions. Reserve one of these 
portions in case of accident and a second for the tests for 
organic acid-radicles, and acidify the others whilst they 
are hot by addition of HCl, HNO,, and HA respectively : 
examine these portions as directed below, using a sepa- 
rate part for each test: 


Il. Portion acidified IIL. Portion acidified 


tate, with difficulty sol- 
- uble in AmHO, 


On addition of AgNOs, 
_a_ yellow precipitate, 
almost insoluble in 
-AmHO, a 


Refer to (445). 


z 
; 
7 


TV 


On addition of CaCl,a 
white igh beak pe 
cipitate, 


On addition of FesCl, a) 
yellowish-white pie- 
cipitate (449, 450), : f 


in the original substance by (452), co )’ by (453). 


with HNO. Present. | Spy Present. 
Reter to (444,3). with HA, 

On addition of AgNOs, On «addition of PbAg - 
a pure while precipi- cv solution a ead alee (CrO4) 
_ tate, easily soluble in cipitate, 

AmiHO (444, 1), 

dditi f CaCl, so- 
‘On addition of AgNO, 2 bia geht bay gclat- F’,! probably. 
a light-yellow precipi- Br’ inous precipitate, 


(Cy04),' probably. 


(PO,)’”, or (AsO,)”. 


264 SPECIAL TESTS (441-448. 


Novres ON THE PRECEDING TABLE. 


444, 1. Unless the Na,CO, solution used in preparing the solu- 
tion for these tests was pure, (SO,)’’ and (Cl)’, if detected, may have 
been present only as impurities in the Na,COs; portions of the origi- 
nal substance should then be tested by (446) and (447). 

2. The presence of (SiFs)’’ should be confirmed by other tests, 
such as adding KCl (300), or evolving HF by strong H,SO, (301); 
the HF is most readily evolved from the BaSiF, precipitate (301 a). 

8, Should AgNO, yield a black precipitate, this proves the presence 
of a sulphide, or possibly a theiosulphate; add HNOs, and boil; the 
black Ag,S will thus be decomposed, leaving a milky liquid, in which 
any other precipitate is readily seen after being coagulated by heat- 
ing or shaking. 

445. It must be remembered that (Cy)’, (FeCy,)'*, (Fe,Cy,9)"4, 
and (CyS) are also precipitated by AgNOs, and therefore if these 
acid-radicles have been already found, a precipitate produced by 
AgNOs does not prove the presence of (Cl)’, (Br)’, or (1)’, which 
acid-radicles must be specially examined for, as directed below. 

If chloride, bromide, and iodide have all to be tested for, a portion 
of the Na2COs solution must be examined by (273); or the precipitate 
obtained by AgNO, (see 443, II) may be tested by (273 a) for Cl, 
Brel, 

If only bromide and iodide have to be tested for, use par. 274. 


SprectAL TEsts FoR ACID-RADICLES TO BE MADE 
ON THE ORIGINAL SUBSTANCE. 


446. Sulphate——A portion of the original substance is 
boiled with HCl, the liquid decanted or filtered if not 
clear, and BaCl, added to it: a white precipitate shows 
presence of SO,. 

447. Chloride-—A portion of the original substance 
is warmed with HNO,, the solution decanted or filtered 


if necessary, and AgNO, solution added to it, a perfectly 


white precipitate, easily dissolved by warm AmHO, shows 
presence of chloride. 

448. Cyanide if present will have been detected by its 
special test and by the smell of bitter almonds, which is 
given off by the substance, after adding H,SO, (411). 
Add to some of the substance Am,S in excess and boil ; 
filter from any dark-colored precipitate, boil the filtrate 
for a short time, acidify with HCl and add Fe,Cl,; a red 
coloration, not destroyed by heat but removed by addition 
to HgCl,, shows presence of Cy, possibly as (FeCy,)", 
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(Fe,Cy,.)", or (CyS), if these acid-radicles have been 
found (443, 1). 

449. Arsenate-—This acid-radicle cannot be present 
unless As was detected during the examination for 
metals; the presence of (AsO,)’”’ is there rendered prob- 
able by the precipitation ef yellow As,S, occurring only 
when the liquid saturated with H,S is boiled. If As 
has been found amongst the metals, proceed to test for 
(AsO,)’”’ by adding to a portion of the Na,CO, solution 
(442) HCl until it is acid, then AmCl, AmHO in excess, 
and MegSO,; filter off any precipitate which forms on 
warming and shaking the hquid, and pour a few drops 
of AgNO, solution upon the white precipitate on the filter ; 
a change of color to brown shows presence of (AsO,)/’’. 

450. Phosphate-—Boil some of the original substance 
with dilute HNO,, add a little of this clear solution, fil- 
tered if necessary, to some AmH MoO, solution, shake 
and stir the liquid well, and if no precipitate forms warm 
very gently ; a yellow precipitate shows presence of (PO,)/"’. 


Tf (AsOx)/’’ has been detected (449) this test for (PO,)’”’ is only 
trustworthy when the yellow precipitate has been obtained either in 
the cold or by employing a very gentle heat. If any doubt is felt con- 
cerning the presence of (POx)’’’, boil some of the substance with 
strong HCl, and examine for (POx)’’ after having entirely separated 
the (AsO,)’’’ by passing H.S into the boiling HCl solution. A 
doubtful precipitate with AmH MoO, may be proved to contain phos- 
phate by dissolving it in AmHO, adding AmCl and MgSOu, filtering 
and dropping AgNOs upon the precipitate ; if phosphate is present it 
turns yellow, if arsenate brown. 

451. Borate——Warm a portion of the substance with a 
little dilute HCI, dip into the solution a strip of turmeric- 
paper and dry it in a steam-oven or at a gentle heat ; if the 
slip is reddish-brown and becomes blue-black when moist- 
ened with AmHO, the presence of (BO,)’’’ is shown. 

452. Fluworide—Pour upon a portion of the powdered 
substance strong H,SO,; and warm the mixture in a 
leaden or platinum crucible covered with a watch-glass, 
which has been coated with wax or paraffin, and has then 
had characters traced through the film with the point of 
a penknife: the characters are etched upon the glass, 
showing the presence of I. 


Only the most commonly occurring compounds are contained in 
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If SiO, is known to be present, the test must be made 
by conducting the gas, evolved on heating the substance 
with strong H,SO,, into dilute AmHO, when a deposit of 
gelatinous H,SiO, proves the presence of I. 

453. Ovalate.—The precipitate produced by CaCl, in 
III (443), or the original substance if it contains no car- 
bonate, is mixed on a watch-glass with MnO, free from 
carbonate, and strong H,SO,, and gently warmed: CO, 
is evolved and detected by holding over the bubbles 
which rise from the mixture a rod moistened with lime- 
water, or by inverting another watch-glass containing on 
its under surface a drop of lime-water over the glass con- 
taining the mixture. 

453 a. Tartrate-—The presence of T will probably 
have been indicated in the preliminary examination (388 
or 412). In order to confirm its presence, any metals of 
Groups I, II, and III must be separated by H,S or 
Am,S, and CaT is then precipitated from the liquid, 
made just alkaline with AmHO and mixed with a little 
AmCl, by adding excess of CaCl,, shaking well and let- 
ting stand for some time. A precipitate may consist of 
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this table; the solubility of other substances may be obtained by refer- 
ence to Storer’s “ Dictionary of Solubilities.” 
456. The table is thus arranged: in a horizontal line at the head 
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CaT, Ca,(PO,),, or CaO. By shaking this precipitate 
with cold KHO solution, CaT is dissolved and may be 
reprecipitated from the solution or filtrate by diluting 
and boiling for some time: the liquid is decanted and 
the precipitate is then gently warmed with a little very 
dilute AmHO and a crystal of AgNO,; a metallic mirror 


shows the presence of T. 

454. Sulphide-—Very small quantities of S may be 
detected by boiling the substance with KHO for some 
time, and adding to the clear solution alkaline PbA, so- 
lution, when a black precipitate or coloration will appear. 


The above directions must only be considered as afford- 
ing examples of how the principal acid-radicles are de- 
tected. By reterence to the individual reactions in Section 
IV and to the directions there given for the detection of 
similar acid-radicles when occurring together, this method 
will serve for the detection of all the commonly occurring 
acid-radicles. 


: UBSTANCES IN WATER AND ACIDS. 


unknown or unimportant. 


Pb.|-. Bt. | Cu. Cd. | Sb. | Srl.) Sn’. | As’. | Ag. | Hg’. 
az a a. a. a™ a. ai w.a™ a a® 10 i 
ar a® as a. am a= am as a" a 1S, 2; 
w.i. | w.b Ww. w. | w.b. | wb. | w. w. i G1; Vel 3. 
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a. a. a. a. a. a. Ww. — a, a C20, 


are placed the more commonly occurring metals, which yield salts or 
basic oxides; in the vertical column on the left is a list of that por- 
tion of the names of the compounds thus formed, which corresponds 
to the acid-radicle; the same are also placed in chemical symbols in a 
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vertical column on the right. The solubility of a compound is de- 
noted by letters: 


w. Signifies soluble in water. 
a. Soluble in acids; the term standing for HCl, HNOs, and aqua 
regia. 

am. Soluble in muriatic, or hydrochloric acid. 

an. Soluble in nitric acid. 

amn. Soluble in a mixture of muriatic and nitric acids, or aqua 
regia, but not in either separately. 
i, Insoluble in water and acids. 

w.a. Letters thus placed together with a stop between, signify that 
in different states the substance shows these different solu- 
bilities. : 

w-a. Letters connected by a hyphen indicate that the substance is 
only slightly soluble in the first solvent, and may therefore 
partially fall under the class denoted by the second letter. 

w.b. Decomposed more or less by much water with formation of a 
basic salt which is insoluble in water but soluble in acid. 


457. To find the solubility of any compound of one of the metals 
placed at the top of the table, glance down the vertical column which 
is headed by this element; the letter indicating the solubility of the 
compound will be found in a horizontal line with the acid-radicle 
portion of the name. Thus to find the solubility of zine sulphate, it is 
only necessary to glance down the vertical column with Zn at its 
head: on a horizontal line with “sulphate” (SOs) stands the letter w, 
showing the zinc sulphate is soluble in water. 

458. The way in which this table is used after ascertaining the 
solubility of a substance under analysis, and detecting the metals 
present in it, may be explained by an example. In a substance which 
was entirely soluble in water, the metals found were K, Ba, Ag. We 
glance down the columns headed by these three metals, and can thus 
see at once which acid-radicles may be present: all acid-radicles 
might be present combined with K since all its salts are soluble in 
water, but the presence of Ba in a substance soluble in water shows 
that SOu, PO,, COs, BOs, AsOs, AsOu, CrOx, and F cannot be present, 
since these acid-radicles form compounds with Ba which are insoluble 
in water; Ag excludes in addition 8, Cl, Br, and I; hence amongst the 
more commonly occurring acid-radicles only NOs need be tested for. 

This example shows how much we may often simplify the examina- 
tion for acid-radicles, when the metals present in a substance and also 
its solubility are known, by referring to the above table. 
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REMARKS ON THE PRECIPITATION OF 
GROUP III. 


459. In the general table (419) it is assumed that 
in the absence of (PO,)’”’ the two Sub-groups ITI «a and 
III 8 can be separated from one another by adding first 
AmC]l and then excess of AmHO to the solution ; Group 
III A alone being thus precipitated, and Group III B 
being afterwards precipitated by adding Am,S to the fil- 
trate. Now although AmCl entirely prevents the pre- 
cipitation of Group III B by AmHO, if the solution is 
kept covered from the air, still if the members of Group 
If] « are present at the same time in the solution they 
are precipitated by AmHO, and the presence of AmCl 
will not prevent Mn and Zn from being precipitated 
with them in smaller or larger quantity, Mn particularly 
showing a tendency to be precipitated with Fe, and Zn 
with Cr. Hence if either Mn or Zn, especially the 
former, be present in small quantity only, it may be en- 
tirely precipitated in Group III a: this is not a serious 
matter in the case of Mn, since it is readily detected in 
the ordinary examination of the precipitate by Table 
Tifa by yielding a green mass on fusion with Na,CO, 
and KNO,; but Zn may be entirely passed over, since 
if precipitated with Cr,Ho, its presence would certainly 
not be detected in Table III 4. The method of dis- 
solving the precipitate several times in HCl and re- 
precipitating with AmHO, to some extent meets this 
difficulty ; but it is preferable whenever a precipitate is 
produced on adding AmCl and AmHO, and traces of 
Mn, and more particularly of Zn, have to be tested for, 
to precipitate Groups III a and IIIB together by add- 
ing in succession AmCI, AmHO, and Am,S, and boiling. 
The precipitate is then examined by Table III c 
(464, 465) for Groups IIT a and IIT 8, the filtrate being 
examined, as directed in the general table, for Groups 
TV and V. It must, however, be understood that if no 
precipitate is produced by AmCl and AmHO, Am,S 
may be added, and the precipitate, if any, examined by 
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Table III B, since in the absence of Group III « the 
members of Group III B are not precipitated by AmHO 
in the presence of AmCl. 

460. The presence of (PO,)'" in the HCl solution 
which is to be examined for Groups III, IV, and V 
involves no special procedure if AmHO added after 
AmCl produces no precipitate, since the phosphates of 
Groups III and IV and of Mg must be absent. If, 
however, on adding AmC] and AmHO a precipitate is 
formed, the directions given at the head of Table III p 
(466) must be followed, and the precipitate must be ex- 
amined by that table. The reason for this departure 
from the ordinary course of analysis is that, whereas 
Al, Cr, Ba, Sr, Ca, and Mg, if present as phosphates, 
are completely precipitated by Am HO, the phosphates of 
Ni, Co, Mn, Zn, and Fe are only partially precipitated 
by AmHO; their metals are, however, entirely precipi- 
tated by Am,S. The filtrate from Am,S is then exam- 
ined as directed in the general table for Groups IV 
and VY. 

The principle on which the method drawn out in 
Table III p is founded are: 

1. The insolubility of the phosphates of Al, Fe, 


_ and Cr in HA in the presence of an alkaline acetate, 


the other portions of the precipitate being soluble. 

2. The separation of all the (PO,)’” which is in the 
HA solution combined with Ba, Sr, Ca, or Mg, by 
Fe,Cl, in an HA solution. 

The farther separation of Al, Fe, and Cr phosphates 
is somewhat complicated by the fact that APO, is only 
decomposed by fusion mixture when SiQ, is also ‘present, 
and this SiO, has to be removed after the fusion by 
methods which will be intelligible on reference to 
(290, -291). 

461. The reason why, in obtaining the precipitate for 
Table III p, the precipitates produced by AmHO and 
Am,S are filtered and washed separately, is that phos- 
phates of Fe, Zn, Mn, Ni, and Co are converted by 
Am,S into sulphides, forming at the same time ammo- 
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nium phosphate which remains in solution, and this 
would precipitate Ba, Sr, Ca, Mg as phosphates from 
the solution, even if they were not originally present in 
that condition. Now this besides complicating the pro- 
cess of analysis, would also render it impossible to state 
whether Ba, Sr, Ca, and Mg were originally present as 
phosphates or not. Hence the phosphates of Groups 
Til and IV and of Mg are first precipitated by AmCl 
and AmHO, then any members of Group III B and any 
remaining traces of phosphates of Group IIT are precipi- 
tated from the filtrate by Am,S. The two precipitates 
are mixed and treated with Am,S, which will dissolve 
away the (PO,)’” from Fe, Zn, Mn, Ni, Co phosphates 
if present, leaving the other phosphates undecomposed ; 
hence, if on filtering and testing the filtrate with AmCl, 
AmHO, and MgSO, a white crystalline precipitate is 
obtained, this indicates the presence of (PO,)’’’, and indi- 
rectly establishes the presence in the original precipitate 
of phosphate of some one or more of the metals Fe, Zn, 
Mn, Ni, Co. 

462. Oxalates, borates, fluorides, and silicates of Ba, 
Sr, Ca, Mg would likewise be precipitated by AmHO 
in Group IIL 4; but by the evaporation of the HCl 
solution after passing H,S, HBO, and HF are usually 
volatilized, and H,SiO, becomes insoluble; oxalates are 
also decomposed by a gentle ignition after evaporation. 


*.* The best course to be pursued in precipitating 
and examining Group III will be found in (463). 
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463. RULES FOR THE PRECIPITATION AND 
EXAMINATION OF GROUPS IIIa AND IIIB. 


Refer to pars. 459-462 for the explanation of these rules. 


The following rules may be laid down for precipi- 
tating and detecting members of Groups III a and IIIB 
in the HCl solution, a small portion of which has been 
tested for (PO,)/”’ by AmH MoO, : 


I. If the addition of AnHO after AmCl causes no pre- 
cipitate, showing the absence of Al, Fe, Cr and of their 
phosphates, and of phosphates of Ba, Sr, Ca, and Mg, 
Am,S is at once added, the liquid boiled, and the pre- 
cipitate, if any, examined for members of Group III B 
by Table III B (437): this course is pursued whether 
(PO,)’”’ is present or absent, since even if phosphate is 
present, metals of Groups III and IV and Mg are not 
present as phosphates. 


II. If the addition of AmHO after AmCl causes a 
precipitate, showing the presence of Al, Fe, Cr, and 
(PO,)'”’ is not present, the plan of precipitation depends 
upon the object of the analysis. 

If small quantities of Zn need not be tested for, the 
method given in the general table (419) may be fol- 
lowed. 

If traces of Zn have to be tested for in the solution, 
add AmCl, then AmHO and Am,S in excess, boil, filter, 
and examine the precipitate by Table III c, (464) or 
IIT ©, (465). The method described in Table IIT o, gives 
trustworthy results, and is to be used for very careful 
analysis; the method in Table III c, is, however, much 
more simple, and is sufficiently accurate for general use. 


III. If the addition of AmHO after AmOl causes a 
precipitate, and (PO,)'"’ is present, the method of precipi- 
tation to be adopted will be found in par. 466, together 
with the table for the examination of the group pre-~ 
cipitate. 
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464. TABLE III c,—THE SEPARATION OF 
GROUPS III a AND III B BY BaCO,. 


The precipitate may contain Fe, Al, Cr, Zn, Mn, Ni, 
Co. Rinse it off the filter into a porcelain dish, using 
as little water as possible, add some strong HCl and boil, 
adding at intervals a small crystal of KCIO, until all is 
dissolved but a small quantity of yellow sulphur. Evap- 
orate very nearly to dryness, dilute with a little water, 
and pour, through a filter if necessary, into a small flask. 
Cool, pour in a small quantity of BaCO, suspended in 
water, cork the flask tightly and shake well ; repeat the 
addition of BaCO, and agitation until the precipitate is 
distinctly whitened by the excess of BaCO,; then shake 
well and allow the flask to stand by corked for at least 
fifteen minutes, occasionally shaking it vigorously. Let 
the precipitate subside, filter; wash the precipitate with 
a little cold water, allowing the washings to run through 
into the filtrate, then wash thoroughly, rejecting the 
washing-water : 


1. Precipitate may contain Fe, Al, | 2. Filirate may contain Zn, Mn, Ni, Co, and 
Cr, and BaCOg; dissolve it in as BaCle. Remove Ba by adding to the boiling 
little boiling HCl as possible;| liquid dilute H)SO, gradually, until the last 
remove Ba from the boiling| few drops produce no further precipitate 
solution by adding dilute H.SO,| in the clear liquid from which the BaSO, 
gradually, until after allowing} has been allowed to settle; filter, add pure 
the precipitate to settle, a few | NaHO in excess to the cold filtrate, stir well 


additional drops of acid cause} and filter. 
no further precipitate (Note 1, 
below); filter, add pure NaHO i in 
; excess ‘to the filtrate, boil and Precipitate may contain Mn, Ni, | Filtrate: pass 
filter: Co; rinse off the filter intoa| H2S, a white 
porcelain dish with as little | precipitate 
water as possible, add some | indicates: 
| | Precipitate: ex-| Filtrate:exam-| Strong HCl and boil; evapo- P igs of 


x amine for Fe| ine for Al| Tate nearly to dryness, add “ 
; and Cr by col- by column 1,| @ little strong solution of 

j umn 2, Table Table Illa} NaA to the liquid, pass H,S 

; III a (436). (436). to saturation, filter: 


Note. 1.—The separation of Ba| Precipiiate:ex- | Filtrate: add 
may be neglected here, the precipi- | amine for Ni| AmHO in 
tate being at once boiled with | and Co ac-| excess; a 
NaHO: in this case much white | cording to| flesh-colored 
BaCO, will remain with the Fe.03| Table III ps, precipitate 
after fusion to separate Cr; it will} column1(487).| shows: 
however dissolve with the Fe and Presence of Mn. 
cause no complication. 
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465. TABLE III c,—FOR EXAMINATION OF — 


Remove the precipitate produced by AmCl, AmHO, and — 
dish, pouring in dilute HCl, and gently stirring and shaking 
residue is left, filter (see Note 1): 


Filtrate may contain Al, Fe, Cr, Zn, Mn. Carefully note its — 
result of this observation, examine the liquid by column — 


Residue if black may 
contain NiS and Cos; 
examine it as directed in 
Table IIL B, column 1 
(4387). I. The liquid is perfectly colorless : Absence of Cr. 

Boil the liquid in the dish for a few minutes until it no 
longer smells of H.S, then add a small erystal KCIOg and 
boil down to a small bulk; cool, add NaHO in excess, stir 
well and filter: 


Precipitate may contain Fe, | Filtrate may contain Zn, Al. 
Mn. Dry and fuse it on| Divide into two equal parts 


platinum foil with NagCO3| (Note 2). 
and KNO,; a blue-green | Into one portion pass H.S; a 
mass shows: white precipitate forms at 
Presence of Mn. ORG 
Presence of Zn. 


Boilthe foil in a porcelain 
dish with water for some 


To the other portion add di- 
time, and if any undis- 


lute HCl gradually whilst 


solved residue is left, de- 
cant the liquid, boil the 
residue with HCl, and add 
KCyS; a blood-red colora- 
tion shows: 

Presence of Fe (Note 3, 436). 


stirring; if no precipitate 
forms, add HC) in excess, 
then AmHO in excess, and 
heat; a colorless floccu- 
lent precipitate : 
Presence of Al. 


Note 1—A mere milkiness, due to the separation of sulphur, shows the — 
Note 2—A1 and Zn may also be detected without dividing the filtrate by — 
a colorless flocculent precipitate shows Presence of Al: this is filtered off and — 
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GROUPS III a AND III s, WHEN MIXED. 


An:S from the filter by opening the filter out inside a porcelain 
the liquid: take out the filter-paper, stir well, and if any black 


eter, which is best seen by pouring it into a white porcelain dish, and according to the 
or IL. 


cr 


ee” Il. The liquid has a violet or bright-green color: Presence of Cr. 


- Boil the liquid in the dish until H,S is no longer smelt, drop ina small crystal of KC10, 

and boil down nearly to dryness; dilute with a little water, pour into a small flask and 

_ add BaCQ , suspended in water gradually while constantly shaking the liquid until the 

excess of BaCO, whitens the precipitate ; cork the flask and allow it to stand for not less 

than fifteen minutes, occasionally shaking it well; filter, wash first with cold water, 

dotting the washings run into the filtrate, then with boiling water, rejecting the 
washings: 


Precipitate may contain | Filtrate may contain Zn, Mn; boil, and whilst boiling, add 
Fe, Al, Cr; examineit| dilute H.SO, gradually until the last few drops cause no 
by column 1, Table III | further precipitate, filter from BaSO,; cool, add pure NaHO 
C, (464). in excess, stir well and filter: 


Precipitate: dry and fuse with | Filtrate: pass HS; white 
NagVO3 and KNOs on plati-| precipitate: 
num foil; blue-green mass: Presence of Zn. 
Presence of Mn. 


absence of Ni and Co, and does not render filtration necessary. 
adding to it HCl gradually until it becomes acid, then AmHO until alkaline; 
H,S passed into the filtrate; a white precipitate shows Presence of Zn. 
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TABLE III p.—FOR EXAMINATION 


466. If (PO,)’” is found in the HCl solution in the general 
tate forms on addition of AmCl and excess of AmHO, the liquid 
the precipitate is washed well with hot water. To the filtrate 
and the filtrate examined for Groups IV and V (419, 431). The 
a porcelain dish and stirred well with a little Am,S, then filtered, 
be examined for (PO,)’’” by adding MgSO,; if this is present, 
The residue left after stirring with Am,S may contain Ba, Sr, Ca, 
Cr as hydrates. Remove it from the filter and heat it with 
drop in several small crystals of KC1O,, and evaporate very nearly 


tion of HA and NaA (526. 84), as long as any precipitate is pro- 


Filtrate: Add Fe,Cl, (Note 2) drop by drop as long asa precipitate forms, and until the 
liquid, after being well stirred or shaken, remains reddish; addition of Fe Cl, in 
large excess must be carefully avoided. Warm gently for some time, filter whilst 
hot, and wash with hot water: 


Filtrate : Add AmCl, AmHO (Note 3), and Am,S: filter: Precipitate_ con- 


. ‘ “8 A taining FePO, 
Filtrate: Add Am,COs: filter: Procpaaia:: exemtuc aaa fea noe a 
by Table IIL cj lected. 
Precipitate may con-| Filtrate may contain | (464, 465) for Zn, 
tain BaCOg, SrCO3,| Mg; add Na,HPO,,| Mn, Ni, Co, also for 
CaCOg. Examine| warm and shake} Aland Cr. 
this 28. eer by | well; white crys-| Test a portion of the 


Table (438). | talline precipitate: | original solution, or 
Ba, Sr, Ca, if found | Presence of Mg as the solution of the 
in this  precipi- phosphate. substance in HCl, for 
tate, were present Fe” and Fe” by 
in the solution as Note 3 (436). 
phosphates. 


Note 1.—An insoluble residue here may contain SrSO, and BaSO,, and must 
originally as phosphates. . 
Note 2.—A few drops of Fe,Cl, may be added to a small part only of the fil- 
ined at once for Groups III and LV and for Mg, without adding Fe,Cly. 
Note 3.—Since this filtrate has to be tested for Groups III a and LI B, it 
ing the precipitate by Table LII c, or by precipitating Groups III a and III B 
cipitates by Tables IJI a and IIT B (486, 437). . 
_ Note 4.—Since CrPO, is rarely present, this precipitate may generally be 
solution, and is detected by acidifying with HCl and adding AmHO in ex- 
and is detected by dissolving in HCl and adding KCyS. 
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DF PHOSPHATES IN GROUP III. 


fable (419) after precipitating Groups I and IT, and a precipi- 
containing the precipitate is gently heated, filtered quickly, and 
Am,S is added in excess, and the solution boiled, then filtered, 
wo precipitates yielded by AmHO and by Am\S are transferred to 
and the residue on the filter is washed well. The filtrate should 
Fe, Zn, Mn, Ni, Co, one or more were present as phosphates. 
Meg as phosphates; Fe, Zn, Mn, Ni, Co as sulphides; and Al, 
dilute HCl in a porcelain dish. If this does not dissolve it, 
to dryness. Filter off S if necessary (Note 1) ; then add a solu- 
duced. Heat gently, and filter while hot: 


Precipitate may consist of FePO,, AlPO,, CrPO, (Note 4). Dry the precipitate on the 
filter, and fuse it for a short time ina platinum crucible or on platinum foil witha 
mixture of finely powdered SiO, NagCOs, and KNO3. When cold dissolve by boiling 
with alittle distilled water, add Am,COg; allow to stand for a short time, stirring 
occasionally ; let the precipitate subside, filter : 


te: fA | Precipitate may contain H,Si0,, Fe and AI as silicates, and 

hoor “agli Fe ,Ho,. Acidify with HCI, evaporate to dryness, and heat the 

tion is acid. boil | ry residue gently. Warm with a few drops of strong HCl, add 
for ashort time, | hot water, and filter; 


by ae aeak Filtrate: add pure NaHO in excess, boil and | Residue is SiO, 


tate of PbCr0,: filter: and may be 
Presence of Cr a neglected. 

phosphate. Filtrate: acidify with | Precipitate is brown ; 

- HCl, and add AmHO Fe.Hog: dissolve by 

Note.—A_ white | jin excess, _ boil: boiling with HCl, 

precipitate on white, gelatinous and add  KCyS: 

addition of PbAg precipitate: blood-red coloration : 

may be disre- Presence of Al as Presence of Fe as 

garded. phosphate. phosphate. 


a e examined by the latter part of (428): Ba or Sr, if found here, were present 


trate and heated ; if it causes no precipitate the other portion may be exam- 
may be examined either by adding AmCl, AmHO,and Am,S together and analyz- 
separately by AmCl and AmHO, and then Am,S, and by examining the pre- 


tested by boiling with excess of NaHO, and filtering; AlPO, will be in 
cess, which gives a gelatinous precipitate; Fe,Hog remains as a precipitate, 
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467. ANALYSIS OF METALS AND ALLOYS. 


After making the preliminary examination given be- 
low either of the two methods (470 or 471) may be 
adopted. The first method is by far the most ready and 
certain for the examination of a metal or alloy of un- 
known composition, since all metals, even when present 
in small quantity only, may thus be detected. 

In making the solution by the second method, Sn, Sb, 
Au, and Pt are left undissolved, all other metals passing 
into solution ; it is not, however, to be recommended as 
a general process for examination of metals and alloys, 
since the following complications are apt to occur. If 
As is present with Sn, a part or the whole of the As may 
remain in the residue; Pt, if present with a sufficient 
quantity of Ag, may pass entirely into solution; and Sb 
will always partly dissolve. The process, however, is 
useful in cases where an alloy, known to contain a large 
proportion of Sn or Sb, has to be examined for other 
metals, since these are dissolved away at once from the 
bulk of the Sn or Sb; but care must be taken that As 
is not passed over in the presence of Sn. 


PRELIMINARY EXAMINATION. 


Note the color, and also if any smell is given off when 
the substance is rubbed with the hand ; also whether it 
is crystalline or not, and if it is attracted by a magnet 
(Fe, Ni, Co, ete.). Note also the hardness of the metal; 
by seeing if it can be scratched or cut by a steel knife ; 
also whether on being struck smartly with a hammer it 
breaks to powder (brittle), or flattens out (malleable) 


3 
then try the following experiments: 


Experiment. | Observation. Inference, 


468, I.—Heat asmall portion on | The results obtained by (403) | The inference will 1} 
charcoal in the inner blowpipe | and (404)in the preliminary | found stated in (40; 


flame. table may be here noticed. and (404). 
469, II.—Heata portioninasmall | A metallic sublimate forms. Presence of Hg, Cd, A 
tube closed at one end. : . the two latter are d¢ 
t Thesublimate consists of small! tected by (468). 
Noie——As and S can frequently liquid globules. Presence of Hg. 


only be detected as arsenate and | A yellow sublimate melting to 
sul hate by fusion with KNO, reddish-yellow drops; the 
and NaeCOsg, dissolving in water, | substance when heated slowly 


and testing the solution by (449) in atube open at both ends 
or (446). evolves SOg (417). Fresenoe, of 5 0 


Pp 
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PROCESSES FOR SOLUTION AND EXAMINATION OF A 
METAL or ALLOY. 


470. Mrernop I.—Pour some rather dilute HCl] upon 
the powdered metal in a small flask covered with a watch- 
glass with its concave surface upwards, and heat for some 
time just short of boiling; if the metal dissolves readily, 
continue heating until the metal is completely dissolved, 
and examine the HCl solution according to the general 
table (419). 

Frequently HCl alone does not effect complete solu- 
tion ; two or three drops of strong HNO, should then be 
poured in, and more HNO, and HCl added occasionally 
when the action ceases or when red fumes are no longer 
given off on heating. When the metal has entirely dis- 
appeared, add a little more strong HCl and boil as long 
as any Cl or reddish fumes are given off; then dilute 


with a little water, heat to boiling, and cool; filter if 


there is any white residue: 


Residue, if crystalline, is proba-| Filtrate (Note 1): dilute largely 
bly PbCl,, and will be found to| with H,O (see Note 2), and 
dissolve entirely if washed with | whether this causes a precipi- 
sufficient boiling water. tate or not, pass H.S to satura- 

In this solution the presence| tion into the solution; examine 
of Pb is confirmed by adding| any precipitate thus produced 
K,CrO,, which gives a yellow| by Table II (485), and proceed 
precipitate soluble in excess of| to examine the filtrate for 
KHO, showing presence of Pb. Groups ILI, IV, and V, as di- 


If any residue is left after washing rected in the general table (419). 


well with boiling water, it is| Note 1.—If Au and Pt may be 
probably AgCl; confirm the present, they must be tested for in 
presence of Ag by pouring upon | the H,S precipitate, according to 
the residue hot AmHO; it dis-| the directions in (472-474). 

solves completely but is repre-} Note 2—A white precipitate ap- 
cipitated on adding HNOs in| pearing on dilution is due to the 


excess : presence of Bi, Sb, or Sn. 
Presence of Ag. 


471. Mernop Ii.—Pour upon the finely divided 
metal some strong HNO,,! and heat in a small flask, 


1 Tf Hg is found in the preliminary examination and small quan- 


q tities of Ag have to be tested for, the Hg should be expelled by heat- 


ing the substance strongly in a porcelain crucible before dissolving 
in acid, as Hg(NO,)2 tends to prevent the precipitation of Ag by HCl 
in Group I. 
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covered with a watch-glass, as long as any red fumes 
appear: one of two results will occur : 


a; 


The substance dis- 


solves completely 
with or without ad- 
dition of water. 
Absence of Pt, 
“si Sb, Sn, (Note 


Examine the solu- 
tion, after boiling 
nearly to dryness 
and diluting with 
water( Note 2), by 
the general table 
(419). 


Il. 


A residue is left: add some hot water and boil, then filter 
and wash the residue on the filter well with boiling 
water (Note 2), The residue may present the following 


appearances : 


1. Entirely metallic or black powder: |2. White powder 


probably Pt or Au, Dissolve by 
heating in a small flask covered 
with a watch-glass, with a little 
TiC] to which a few drops of HNO, 
have been added. When completely 
dissolved add more HCl, and boil 
down in an_ evaporating-basin 
nearly to dryness; examine the so- 


may contain Sn, 
Sb, As, possibly 
also Pt and Au 
concealed in it 
(Note 3). 


lution for Au and Pt by (474), com- 
mencing with the addition of KCl 
and using only the left-hand side 
of the table, since Sn will be absent, 


Note 1.—The solution is liable to contain small quantities of these 
metals, which must always be tested for in a careful analysis. 

Note 2.—BiOCi will often precipitate on dilution, but the ate 2 ; 
tate will disappear on adding HCl and boiling, being thus easily dis- 
tinguished from the Group I precipitate. 

Note 3.—If much residue is obtained a small quantity of it may be 
heated in a test-tube with HCl adding KCIO,; if it dissolves entirely 
dissdlve the whole of the residue, then examine the solution by Table 
II, commencing at (435 b); if it refuses to dissolve proceed with the 
rest of the residue as directed below. If the residue is small in quan- 
tity examine it at once as directed below. 


Examination of the Non-metallic Residue Insoluble in 
HNO,—Dry the residue on the filter at a gentle heat, 
mix it thoroughly with about an equal quantity of pow- 
dered Na,CO, and NaNO,, and add the mixture grad- 
ually to some NaNO, in fusion in a porcelain crucible ; 
then pour the melted substance out into a porcelain dish ;_ 
allow it to cool, then pour upon it cold water and let it 
stand for some time. After crushing the mass with a — 
pestle and stirring it occasionally, filter, and wash the 
residue on the filter with dilute alcohol, throwing away 
the washings : 
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Residue may contain Sn, Sb, Pt, Au. 
Place it in asmall porcelain dish, pour 
in a little HCl and heat, then add 
water; whether the residue has dis- 
solved or not place in the liquid a strip 
of Pt-foil and drop upon it a piece of 
pure Zn; H is given off; wait until 
this ceases, taking care that there is 
some Zn left undissolved, and adding 
more Zn if the first piece has entirely 
dissolved. Now remove the platinum 
strip; if itis stained black Sbis present. 

The residue in the dish may consist of 
Sn, Au, and Pt; remove the Zn, rins- 
ing off any substance adhering to it 
into the dish, stir the liquid in the dish 
well, then pour off the liquid carefully, 
leaving the residue; pour in water, 
stir well, and again pour off carefully. 
Boil the residue for some time with 
strong HCl in a test-tube, dilute, de- 
cant, add HgCl,; a white precipitate 
forms: Presence of Sn. 

Residue: dissolve by warming with HCl 
and HNO, and examine the solution 
for Au and Pt by (474), using only the 
left-hand portion of the table. 


Filtrate may contain 
(AsOQ,)/’: add HNOs3 
until the solution is 
acid and boil, evapo- 
rating the liquid tha 
dish if very bulky. 
Pour into half this so- 
lution AgNOs as long 
as it gives any precipi- 
tate, and add gradu- 
ally AmHO diluted 
with 10 or 12 times its 
bulk of water ; a brown 
precipitate shows: 

Presence of As. 


To the other half of the 
acid solution add 
AmHO in excess, then 
MegSO,, and rub the 
inside of the vessel 
with a glass rod; a 
white crystalline pre- 
cipitate, often appear- 
ing only after some 
time, shows: 


Presence of As. 


SEPARATION AND DETECTION OF Au 


AND Pt. 


472. Au and Pt will, in the ordinary course of analy- 
sis, be entirely precipitated as sulphides in the second 
group, if H,S is passed for some time into the hot HCl 
solution ; and since these sulphides are soluble in KHO 
and in Am,S, on examining the H,S precipitate by Table 
Ii (435), the Au and Pt will pass into the filtrate when 
the precipitate is boiled with KHO or Am.S. No modi- 
fication of the process described in Table IT is required 
for the detection of these two metals until the examina- 


tion of the residue in the hydrogen flask is commenced. 
_ The Au and Pt will be present in this residue, associated 


24 
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with Sn if it be present, and usually also with at least a 
part of the Sb (if present), since Zn and Pt in contact in 
an acid liquid cause the separation of metallic Sb (193). 
Accordingly, when Au and Pt have to be tested for, the 
ordinary course of analysis is to be followed until the 
residue in the hydrogen flask is obtained; and this is 
examined as directed in (473). 

473. After washing the residue left in the hydrogen 
flask by decantation in a porcelain dish, and removing 
any excess of Zn, boil it with a little strong HCl ina 
test-tube for several minutes, allow the residue to settle, 
and decant the liquid: 


Solution: to one 
part add HgClo; 
a white  pre- 
cipitate, which 
does not appear 


474. Residue :* pour upon the residue in the dish a little 
HCl, add several drops of HNOgs. and boil gently very 
nearly to dryness; add some KC] solution and evaporate 
once more very nearly to dryness. Pour some absolute 
alcohol into the cool dish and stir well for a time, allow 
the precipitate to settle and decant the liquid, wash the 
precipitate by stirring it with a little more alcohol and 
decant the liquid when the precipitate has settled: 


at once if only 
traces of Sn are 
present: 
Presence of Sn. 


Precipitate will consist of | Solution will be yellow if Au is 


yellow K,PtCl, and ex- 
cess of KCl; dissolve it in 
alittle boiling water, pour 
it into a white dish, add 
several drops of HCl, then 
SnCly; an orange-red col- 
oration confirms the 
Presence of Pt. 


present ; evaporate carefully 
on a water-bath just to dry- 
ness, dissolve in a little water 
and add a few drops of freshly 
prepared FeSO, solution, Au 
will be precipitated in a fine 
powder, causing the liquid to 
appear reddish by reflected 
and blue by transmitted 
light: 
Presence of Au. 


Pour the other 
art of this so- 
ution into a 

porcelain dish, 
immerse itina 
strip of Pt and 
drop a piece of 
Zn on the Pt: a 
black stain on 
the Pt shows: 

Presence of Sb. 


1 Tf Sb has not been detected already in the precipitate produced _ 


by the gases in AgNOs solution (435 b) this residue should be exam- 
ined for Sb, as the Sb, instead at having been given off as SbHs, may 
have been "deposited on the Pt or Au. Boil it once more for some 
time with strong HCl to remove all Sn, wash the residue well by de- 
cantation and boil it in the dish with H2T adding a few drops of 
HNOs, decant, and test the liquid for Sb by adding HCl and passing 
HS: the residue is then examined as above (474). 


} 
| 475. | INSOLUBLE SUBSTANCES. 
: 
. 


BLE IN WATER AND ACIDS. 
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EXAMINATION OF SUBSTANCES INSOLU- 


475. An insoluble substance may consist of one or more 
of the following substances, all of which are white except 
Fe,Os, Cr,O,, FeCr ©. PbCrO,, S, C, and AgCl which 


has been exposed to light. 


In the following list those substances which are embraced in brackets 
) may possibly be present, those insquare brackets [  ] improbably, 


because they are soluble in water. 


1. BaSO, Insoluble i in water and acids. 
2. Sr8O,. a a 
lt Se insoluble in water, soluble in hot 
SL Ca80,] faucet it should pass into the acid so- 
| 4. .(PbSO,) tie 
5. PbCrO, Insoluble after being strongly heated. 
Soluble in boiling water, and should therefore 
6. [PbCl,] } have been removed if the residue was well 
washed with boiling water. 
{ This may have been originally present as such, 
| or may have been derived from the use of 
7. AgCl { HCl in making the solution, or by the action 
| of aqua regia on the insoluble substances 
| AgBr, AgI, AgCy, Ag,Fe,Cy,,, Ag,FeCy,. 
8. Sid, Either uncombined, or as a silicate. 

9. (Al,O,) Insoluble after being strongly ignited, but 
10. (FeO) } these are usually dissolved by long boiling 
11. (Cr,05) with strong HCl. 

12. FeCr,0, Chrome iron ore, native. 
13. (SnO,) Native or ignited. 
14. Sb 10s, Sb O, 


a 
| | 15. On, 
Ble. s- 


{ 
\ 


Also a few other fluorides, and some meta- 
phosphates and arsenates. 

Yellow, slowly soluble in strong HNOs, giving 
red fumes, and yielding H, gO, 

Black, and quite insoluble. 


{ 


employed for the examination by fusion (477). 


If sufficient of the substance is at disposal, the preliminary exami- 
_ nation (476) may be made on a portion of it. In case the quantity 
of substance is small, however, the whole of the substance must be 
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476. PRELIMINARY EXAMINATION. 


The substance must be in the state of dry powder. Make a careful 
examination of it with a pocket lens, Experiments I and II need 
only be made if the substance is light in color. 


Experiment. 


Observation. 


I. Observe whether the |The color changes to vio- 


substanee darkens when 
allowed to stand in the 
light for some time. 


let or black, 


If. Pour a little Am,S 
upon a portion of the 
substance on a watch- 
glass. 


Ill. Heat some of the sub- 
stance with a little water 
and a _ small piece of 
KCy ; filter off, keeping 
the residue; to the fil- 
trate add Am.S. 


IV. Wash the residue 
from Exp. III well upon 
the filter: 

a. Itis white; drop Am,S 
upon it. 

b. It is dark-colored ; pour 
in a little HA, and boil 
after adding AmHO in 
excess ; filter, to the fil- 


trate add HA in excess 
and K,CrO,. 


V. Take up some of the 


substance upon a moist- 
ened loop of platinum 
wire; heat it for a short 
time in the inner blow- 
pipe flame, then moisten 
with a drop of strong 
HCl, and hold in the 
outer part of a Bunsen 
flame. 


The substance blackens; 
pass on to ITE. 

The substance does not 
blacken; pass on to V, 
omitting III and IV, 
since Pb and Ag must be 
absent. 


A brownish precipitate. 


The residue blackens. 


A yellow precipitate, sol- 
uble in KHO. ; 


A reddish-yellow colora- 
tion, dusky-green when 
seen through the indigo- 
prism. 

A crimson-red coloration 
appearing d red 
through the _ indigo- 
prism. 


A_ yellowish-green colora- | 


tion. 

Note.—Tf all these are pre- 
sent, the colorations may 
often be seen in succession. 


VI. Heat in a small test- 
tube or ignition-tube, 
then strongly on a piece 
of porcelain or broken 


glass, or on platinum foil. 


SEE ee | 


A yellow sublimate forms | 


on, the sides of tube. 
When strongly heated the 

substance smoulders and 

ultimately burns away. 


Inference. 


Presence of AgCl. 


Presenee of Pb or Ag. 


Presence of AgCl. 

Confy. On warming some 
of the substance with 
AmHO, filtering, and 
adding excess of HNOgto 
the filtrate, a white pre- 
ba ag forms, which, 
when shaken well or 
heated, coagulates into 
flocks. f 


Presence of PbSO, or 
PbCly. 


Presenee of PbSO, or 
PbCl. 


‘Presence of Ca 


as 
Presence of Sr | sulphate. 


Presence of Ba 


Presence of 8. 


Presence of C. 
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INSOLUBLE SUBSTANCES. 


Experiment. 


Observation. 


Inference, 


VII. Heat with strong 
H.S0, in a platinum eru- 
eible or leaden cup cov- 
ered with a watch-glass 
(296); or if a silicate is 
present, examine by 
passing the gas into 
AmHO (297). 


VIII. Fuse some of the 
j} substance in a bead of 


NaAmHPO, first in the 
outer then in the inner 
blowpipe flame. 


The glass is etched. 


A gelatinous precipitate 


is obtained in the AmHO. 


Particles are seen floating 
undissolved in the melt- 
ed bead. 

Green-colored bead. 

Reddish-brown bead, col- 


Presence of F. 


Presence of F. 


Presence of SiOz (480). 
Presence of Cr. 


orless when cold, and 
becoming greenish in the . 
inner flame. Presence of Fe, 


EXAMINATION OF INSOLUBLE SUBSTANCES. 


477. Mix the finely powdered substance’ with three 
or four times its weight of fusion mixture, and heat the 
mixture in a small covered porcelain crucible’ until it 
melts; keep it in fusion for at least ten minutes. Allow 
the crucible to cool, then pour some water into it and 
allow to stand or boil until the solid mass is loosened 
from the crucible; boil this in a porcelain dish with dis- 
tilled water, crushing the mass by pressure with a pestle 
if it does not quickly fall to pieces. Allow the residue 
to settle, pour off the solution through.a filter, and boil 
the residue with a little more water; pour off through 
the same filter, adding this filtrate to the former one. 

For the examination of the undissolved residue see 
(478), for the filtrate (479). 

478. Residue on the filter; wash well with boiling 
water, then make a hole in the bottom of the filter, wash 


1 Which, if it is found by Exp. VI to contain free S or C, must first 
be heated strongly for some time in an open porcelain crucible. 

2 If Pb and Ag have been proved to be absent by the preliminary 
tests, or if they have been first removed by boiling the substance with 


KCy solution, then with HA and excess of AmHO and washing well, 
a platinum crucible may be used. The use of a platinum crucible is 
preferable, since after fusing in porcelain small quantities of Al,Os 
and SiO, will always be found, being derived from the action of 
the Na,CO, on the glaze of the porcelain. 
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the residue through into a test-tnbe by pouring upon it 
a little boiling dilute HNO, (see Note 1 below), and boil ; 
the residue dissolves entirely if the fusion has been con- 
tinued sufficiently long (see Note 2). Filter if necessary, 
and examine the solution by the general table (419), 
bearing in mind that only the metals enumerated in (475) 
are likely to be present (Note 3). 


Note 1.—If Ag and Pb are known to be absent by the preliminary 
experiments, HCl may be used for dissolving the residue and is 


preferable; if effervescence is produced by these acids the presence - 


of Ba, Sr, Ca, or Mg is proved. 

Note 2.—A residue heré may consist of chrome iron ore; this may 
be dissolved by heating with HNO, and KCIO;, and the solution 
tested by the general table, when Cr and Fe will be found. 

Note 3.—It is best to evaporate the solution quite to dryness before 
testing for Group III, using a water-bath towards the end if the sub- 
stance spirts. ‘This is always necessary if SiO, is present in the sub- 
stance, since it is sometimes obtained in the acid solution, and is by 
this means at once separated. 


479. Aqueous Solution of the Fused Mass.—Divide 
into two parts, A and B, 


A. Add HCI until the liquid is distinctly acid, and 
evaporate in a porcelain dish to dryness, finishing the 
process on a water-bath if necessary to avoid spirting ; 
then continue to heat the dish gently until the residue is 
quite dry ; pour in a little strong HCl and warm, dilute 
and heat again; an insoluble residue shows presence of 
SiO,. ' 

Filter, and examine the filtrate by the general table 
(419) more particularly for Al, but other bases should 
also be tested for, which being soluble in alkalies may 
pass into this solution, such as Cr, Mn, Zn, Sn. 


B. Test separate portions for the following acid-rad- 
icles as described below : 


1. Chloride: acidify with HNO, and add AgNO, ; white 
precipitate easily soluble in AmHO, 

2. Sulphate: acidify with HCl and add BaCl,; white 
precipitate insolubie on boiling. 


Note.—Unless the fusion mixture employed was free from 
chloride and sulphate, Tests 1 or 2 are worthless. 
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3. Chromate: acidify with HA and add PbA,; yellow 
precipitate; a chromate is seen also by the yellow 
color of the solution. Cr thus detected may have 
been present acting as a metal or as a constituent of 
an acid-radicle. 


4. Phosphate: acidify with HNO,, add a few drops to 
AmHMo0O, solution and warm gently. A yellow 
precipitate forms, often only after a time, or on 
gently heating. If As has been found on passing 
HS into the hot HCl solution, (PO,)’’”” must be 
tested for in a portion of the filtrate after boiling off 
HS, else the above yellow precipitate may be due 
to (AsO,)/”’. 


5. Fluoride: add HCl in excess to a part of the solu- 
tion, stir well, and let stand until the CO, has 
escaped, then add AmHO in excess, then CaCl, as 
long as it produces any precipitate, and let stand for 
a time; filter off, dry the precipitate and examine it 
for F by pouring strong H,SO, upon it in a plat- 
inum crucible covered with a watch-glass (296). 


ANALYSIS OF SILICATES. 
480, The presence of silica is shown by Exp. VIII 


in the preliminary examination of insoluble substances 
(476); when it has been found it becomes necessary to 
examine for all metals, since many silicates which are 
soluble when alone, become insoluble when mixed or 
combined with insoluble silicates. 

The ordinary analytical course requires but slight 
modification to adapt it to the examination of silicates. 
Many silicates are entirely decomposed by heating 
with strong HCl for some time just short of boiling ; if 
this decomposition has been effected, only a colorless 
residue of silicic acid will remain, which may be identi- 
fied by its solubility in hot Na,CO, solution. 
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If the silicate is not completely decomposed by hot 
strong HCl, some of it must be fused with fusion mix- 
ture as directed in (477), and the cool residue boiled with 
water; the solution and residue are then examined by 
(478) and (479), remembering, however, that all metals — 
may be present. 

481. Since Na and K cannot be tested for in the solu- 
tion obtained after fusion, a separate portion must be 
examined for K and Na by one of the following pro- 
cesses : 

I. Evaporate the powdered substance several times in 
a platinum dish or crucible either with hydrofluoric acid 
and subsequently with strong H,SO,, or with five times 
its weight of calcium fluoride mixed into a paste with 
strong H,SO,, in eithér case heating finally until no 
more white fumes are evolved. Boil the cool residue 
with water, add BaCl, solution as long as it causes any 
precipitate, then add AmHO in excess and Am,CO, as 
long as it causes any precipitate, filter and examine the 
filtrate for K and Na by Table V (439). 

II. Mix the powdered substance intimately with four 
times its weight of barium hydrate, and heat strongly in 
a platinum crucible for about half an hour; dissolve the 
cool mass in dilute HCl, add AmHO in excess and then 
Am,CO, in excess, filter, rejecting the precipitate ; evap- 
orate the filtrate to dryness, ignite the residue, then boil 
it with water ; add a little HCl to the solution and test 
for K and Na by Table V (439). 


482. ANALYSIS OF SUBSTANCES CONTAIN- 
ING CYANOGEN. 


If asmall quantity of the substance to be analyzed,- 
when examined by (304) or (306), is found to contain 
cyanogen, the usual course of analysis must be somewhat 
modified, since the presence of cyanogen would produce 
confusing results. The cyanogen may be present as a 
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eyanide, sulphocyanide, ferrocyanide, ferricyanide, or co- 
balticyanide, rarely as a manganocyanide or chromicy- 
anide. Since the method to be adopted when a cyanide 
or sulphocyanide only is present is much more simple 
than that rendered necessary by the presence of the other 
cyanogen compounds above mentioned, it is advisable 
first to ascertain in what form the cyanogen occurs, by 
the following preliminary experiments made on a small 
portion of the substance ; according to the results yielded 
by these experiments the further examination of the sub- 
stance is made by Method I (484) or by Method II 
(485). 


PRELIMINARY EXAMINATION. 


483. Boil a portion of the substance for several min- 
utes with KHO solution, then add some Na,CO, solution 
as long as it causes any precipitate, and boil again for 
several minutes; filter, make the cold filtrate just acid 
with HCl, filter if necessary, and test separate portions 
as follows: 


Reagent added. Result. i Inference. 


Blue precipitate, .| Presence of (FeCy,)” 
1. FeSO, solution, (FeCyg)s" 
White precipitate,. | Probable presence of 
ae (CoCyg}s" : 
2, FeCl, solution, Blue precipitate, .| Presence of (FeCyg) 


Blood-red coloration} Presence of (CyS)’. 


3. ZnSO, solution as long as it tt St preci- | l presence of (FeCy,)s% 
Geena: Say BreRiprate White precipitate,. | Presence of (FeCy,)*, 
Conjirmatory.—Filter off the (CoCyg)o"- 

precipitate, add ZnSO, solu- 

tion to the filtrate, and if it 
causes any precipitate, pour 
again through the filter, re-|\A blue bead sere 
peating this process until no duced, ° ‘ 

further precipitate is produced 
by ZnSO, Fuse some of the 
precipitate in a clear borax 
bead, . c . r ‘ 


Presence of (CoCy,)" 
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If these preliminary tests show the presence of (FeCy 
substance by Method II (485). Ifthe absence of these acid-radi- 
which indicate their presence, proceed according to Method I 

If none of the above acid-radicles are found in the prelimi- 
analytical course is to expel HCy by boiling after adding HCl 

484. Mrruop I.—If (CyS)’ is present, boil the portion of 
HNO, for some time, dilute a little and boilagain. If any resiq 
solve the residue as directed at the end of (420), any undissolved, 
HNO, solution is evaporated nearly to dryness and examined 

Another portion of the substance is examined for acid-radicles 

485. Mrrnop II. (Fresenius).—Boil the substance with 
washings to the filtrate : 


Filtrate: examine this | Residue: boil with KHO solution for several minutes, then add 
for metals, more es-| and boil again; filter and wash the residue : 
pecially the alkalies, 
and for acid-radicles | Filtrate: pass H,S, andif it causes any precipitate continue | 
according to the} KHO,' heat and filter: 
directions given for - 
analyzing a liquid | Precipitate: wash well with boiling | Filtrate: add dilute. 
(380). water,and boil the precipitate with | saturation and filter: 

The acid-radicles | strong HNO; a black residue of — 
should be first tested | HgS may remain ; filter this off after | Precipitate: boil with | 
for in a portion of | diluting the acid, and confirm the} KHO, filter off any | 
the solution and if| presence of Hg in ‘the precipitate by black’ precipitate | 
(FeCy,)", (FeoCyg2)", | heating it with NagCO3 in a bulb-| and examine it for 
(CooCy 19)", one or| tube (147). Hg by heating it 
more be found, the| The filtrate (or solution if HgS is} with NagCOg in a] 
solution must be} absent) is evaporated to dryness, | bulb-tube (147). 
evaporated to dryness| the residue is then dissolved in a} Add to the filtrate or } 
with HNOs, and the} little hot strong HCl, the solution} solution HCl until} - 


residue strongly heat-| is much diluted, saturated with H.S,| it is acid, pass HS 


ed (see general table) | and filtered ; to saturation, and 
pier filtering from examine for As, Sb, 
he H,S precipitate, in | Precipitate: _ exam-| Filtrate: add | Sn (Pt, Au; , by Table 


order to destroy these | ine for Pb and Cu| AmCl,AmHO|_ II (435), commencing | 
cyanogen radicles.| by Table II (485 a). | in excess, and | at (435 6). 


The Fe, Co, etc.,in the Am,5, and 

cyanogen acid-radicles examine for 

will then be detected Zu, Mn, Ni, 

in the general table. Co, ete. by f 
Table III ¢ 
(465). 


1 Tf H,S causes a precipitate to form, NaHS or KHS may be added, drop by 
this may ‘be done instead of passing Hs to saturation and then adding KHO. 
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(FeCy,),", (CoCy,),", one or more, examine the remainder of the 
cles is indicated by net obtaining the results in the second column 
(484). 

experiments, the only modification requisite in the ordinary 
in preparing the solution (383) or in testing for Group I (419). 
the substance which is to be examined for metals with strong 
due remains decant the solution and proceed to endeavor to dis- 
residue being then examined according to (475 e seq.). The 
in the usual way. 

water, filter, and wash the residue with boiling water, adding the 


some Na.CO, solution as long as it causes any precipitate in the solution or the filtrate, 


to pass the gas until the liquid is saturated, then add more | Residue: dissolve and 
examine for metals 
in the usual manner 
HNO, gradually until the liquid is just acid, pass H.S to | (883). 
Fe, Co, Mn, Cr, if 
found in this residue, 
Filtrate : Divide into two parts, 2, 4: were not present as 
SF (FeCyg)",  (BeeCyia)", 
-#. Examine for acid-radi- | 4. Evaporate to dryness and fuse | (CogCy4.)", ete. 
eles in the usual way, the residue: when cold, boil it 
testing for (CogCyy)"! with water and filter: 
by adding excess of 
ZnSO, filtering andtry-| Residue: dis-| Filtrate: acidify 
ing whether the precipi- | solve in HCl,| a _ portion if 
aie she a blue bead | and MOF ey yellow with 
with borax. Fe, Mn, Co Ki 
(465); the last Wie pee ae 
three if found| PbAg; a_yel- 
were present | 0w precipitate 
as eyanogen | Shows (CrO,)”, 
y acid-radicles, the Cr having 
been present 
as cyanogen 
acid-radicle. 
_— . Test another 
part for Al by 
adding HCl in 
excess, then 
AmHO in ex- 
cess. 


a Nae Be, 


drop, until it no longer gives any precipitate in the liquid or in the filtrate ; 


» 


‘ie 
\ 
. 
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486. The advantage of employing this somewhat com- 
plicated and tedious method of Fresenius is that it usually 
enables the analyst to ascertain whether Fe, Co, Mn, Cr, 
when present, form a part of a complex cyanogen acid- 
radicle or simply act as metals combined with acid-radi- 
cles. For if Fe, Co, Mn, Cr, are found in the residue 
left after boiling with KHO and Na,CO,, they were 
present in the latter form ; if found in the alkaline filtrate 
they were present as cyanogen acid-radicles ; if they were 
detected as cyanogen acid-radicles in the aqueous solution 
they were entirely present in that solution in that form, 
although they will also be detected in the examination 
for metallic-radicles ; if they were detected only as me- 
tallic-radicles and not as cyanogen acid-radicles, they 
were present as metallic-radicles in the aqueous solution. 

487. The following two processes have been proposed 
for removing cyanogen from a substance before analysis, 
after which the substance may be examined for metals in 
the usual way (382 et seq.); but these methods, though 
much more easy and rapid, are less perfect than the pre- 
ceding ones, since Fe, Co, Mn, Cr, if detected, may have 
been present either as cyanogen acid-radicles, or as metals 
united with an acid-radicle, or in both forms. 

1. Pour upon the powdered substance strong H,SO, in 
a porcelain crucible, evaporate to dryness, and ignite the 
residue strongly ; when cold dissolve it by heating with 
a little strong HCl, adding water and heating again. 
(Rose.) 

2. “ Cyanogen compounds are best destroyed by fusion 
ina porcelain crucible with 3 or 4 times their weight of 
a mixture of 3 parts of Am,SO, and 1 part of AmNO,.” 
The residue left in the crucible is dissolved and examined 
for metals in the usual way. 


) 
. 
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EXAMPLE SHOWING HOW TO ENTER THE 


RESULTS OF ANALYSIS OF A COMPLEX 


SUBSTANCE. 


The substance given for analysis consisted of a powder 


containing pink, blue, white, and black particles. It 
smelt faintly of ammonia. 


488. PRELIMINARY EXAMINATION FOR METALS. 


Experiment. 


Observation. 


Expr. I—Heated in a 
small dry test-tube. 


Confy—Held in the 
upper part of the tube a 
lass rod with a drop of 
ime-water hanging on 
its end, 


Confy.—Boiled a portion 
of the substance with 
KHO solution. 


Confy— Heated strongly 
another portion of the 
dried substance with 
NayCOgz in a bulb-tube. 


Water given off which 
turned red litmus- 
paper blue. 

Strong smell of NHg-gas. 

Substance blackened, no 
smell of burning. 


Slight white sublimate. 

The lime-water became 
milky. 

Brown nitrous fumes 
evolved, recognized by 
their smell. 

Cl-gas evolved, found by 
smell and _ bleaching 
litmus. 

NH-ggas was evolved, re- 
cognized by its smell, 
and by giving white 
fumes with strong HCl. 

No mirror formed. 


Expr. II.—Heated a por- 
tion of the substance on 
a loop of platinum wire 
in the Bunsen flame, 
moistened with HCl 
and heated again in the 
flame. 

Heated for some time in 
the tip of the inner 
blowpipe flame, moist- 
ened with HCl, and 
again held in the 
Bunsen flame. 


Bright-yellow flame. 

The flame appeared 
crimson through the 
indigo-prism. 


Crimson col® appearing 
intense red through the 
indigo-prism. 

Bright-green col 
blue core. 


with 


Inference. 


Pres, of H20. 
Pres. of NH,. 


Pres. of NH,. 
Prob. pres. of Co, Cu, and 


abs. of T and A. 
Pres. of As, NH,, Hg. 
CO, evolved. 


Pres. of nitrate. 


Pres. of Ci. 


Pres. of NHg. 
Abs. of Hg and As. 


Pres. of Na, 


Pres. of K. 


Pres. of Sr. 


Pres. of Cu. 
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Experiment. 


Observation. 


[489. 4 


Inference, 


Expt. IIIl.—Heated a 
portion of the substance 
on charcoal in the inner 
blowpipe flame, 


Confy.—F used in a clear 
borax bead in the outer 
and inner  blowpipe 
flames. 


Confy.—Fused on_ plat- 
_ foil with Na gCO3 
2° 


Confy.—Fused on char- 
coal in the inner blow- 
pipe flame with NagCOg. 


The greater part of the 
substance fused readily, 
and was absorbed by 
the charcoal. 

Deflagration occurred. 

A red metallic residue 
remained. 

In the outer flame a 
bead green whilst hot, 
blue when cold. 

In the inner flame red 
and nearly opaque. 

No bluish-green or yellow 
mass On cooling. 


Red metalli¢ residue. 

A portion placed ona sil- 
ver coin and moistened 
gave no black stain. 


Pres, of a salt of K, Na. 
Pres. of chlorate, nitrate. 


Pres. of Cu. 


Pres. of Cu. 


Abs. of Mn and Cr. 


Pres. of Cu. 


Abs. of 8. 


489. PRELIMINARY EXAMINATION FOR ACID- 


RADICLES., 


Experiment. 


Expr. I1—Added dilute 
HCl without heating. 


Heated to boiling. 


Expt. Il.—Added strong 


H,S0O,. 


Confy.—Dropped in cop- 
per turnings and 
heated. 

Heated strongly, cooled, 
and rinsed out. 

Confy.—Boiled a portion 
of the substance with 
water, added strong 
H,S0,4, cooled and 
poured in FeSO, solu- 
tion carefully. 


Observation. 


A colorless gas was 
evolved, which was free 
from smelt, and turned 
a drop of lime-water 
milky. 

Cl was evolved, recog- 
nized by its smell and 
by bleaching moist lit- 
mus-paper. 


A bright-yellow chlorous 
gas evolved, which 
erackled when warmed. 

Reddish-brown fumes 
evolved. 


The tube when dry was 
seen not to be etched. 
A brown ring formed on 
the surface of the acid. 


Inference. 


Pres. of carbonate. 
Abs. of sulphite, hypo- 
chlorite, ete. 


Pres. of nitrate, chlorate, 
or some other oxidizing 
substance, 


Pres. of chlorate. 


Pres. of nitrate. 


Abs. of fluoride. 


Pres. of nitrate. 


EXAMINATION FoR METALS IN THE Wet Wavy. 


eda portion of the substance with Fe,Cl,, FeSO, 
KILO, added HCl in excess, no blue pp.: Absence 


c¢ ks 3 
ae led to dissolve the substance and examine the 
ion by the general table. 


(Continued on page 296.) 
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Boiled a portion of the substance with water; as it did no 
HCl poured upon the undissolved residue; effervescence occurred 
as long as any smell of Cl was perceived; the substance wa 
water sol": which had been proved previously to give no pp. 


=f: 


No pp. Diluted with water and passed H,S until the liquid smelt strongly 
Abs. of Group I. ; 
Hg’, Ag, and prob. Pb. | 4 black pp. Filtrate which gave no further pp. w 
Exam! by Table II. Boiled until it no longer smelt of B 

on addition of HNOs (prob. pres. of ) 


of the HCl sol* to some AmHMoO 


boiled ; filtered: 


A brown pp. 
Exam?! by Table IIT a. 


491. Exams. or pp. IN Group IT. 
Removed from the filter into a porcelain dish and boiled 
with KHO filtered : 


Filtrate : Pp. removed from filter by a glass rod into a porcelain dish and boiled 
Acidified | with strong HNO ,as Jong as any red fumes came off, added dilute 
with HCl, a} H,SO,and stirred well: 
white milky —_—— : 
liquid only:| No. pp.: | Added to sol" excess of AmHO; blue solution (pres. of Cu): 
Abs. of | Abs. of Ag |———$— $< << $< re 
Group IIB. | and Pb. No pp. Acidified the blue sol» with HCl and satu- 
: Abs. of Bi. | rated with HS; filtered off the black pp. 
rapidly and boiled it with dilute HoSO,: 


- : dissolved in a little | Filirate: diluted 
oiling dilute HNOs, much and 
added AmHO in excess, passed HS; 


then excess of HA no pp.: 
then KolFeCys; choco- Abs. of Cd. 
late-red pp. : 

Pres. of Cu. 


EXaAmy. OF PP. IN GrouP III a. 


Dissolved in a little boiling dilute HCl, added pure 
NaHO in excess, boiled and filtered : 


Filtrate: added HCl} Pp.: dried and fused on platinum foil with Na,CO, and 

radually till the | KNOg, boiled the colorless (abs. of C® mass when cold with 
fiquid became acid) water; decanted from the undissolved residue : 

(no pp.), then AmHO 


in excess; no pp.: Residue in the dish dissolved Soin, being colorless proved 
Abs. of Al. by boiling with a little} abs. of Cr. xe 
HCl, added several drops of | 4 eidified with HA, boiled, 


KCyS; a blood-red colora- 
tion: 


and added PbAg; no yellow 
Pres. of Fe. : 


PO eee 
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ompletely dissolve, the sol®: was decanted, and a little dilute 
nd on boiling, Cl was smelt. Added a little strong HCl, boiled 
ompletely dissolved. Cooled this sol" and mixed it with the 
m addition of a little dilute HNO,: 


f the gas, filtered : 


10S was pink (prob. pres. of Co). 
dded some strong HNO, and boiled to dryness (the color of the sol" changed to light-brown 
armed the residue with HCl, it dissolved completely (abs. of HSi03). Added a small portion 
armed; no pp.: Abs. of (PO,/”. To the rem: added AmCl, then excess of AmHO, and 


| Piltrate was again pink (presence of Co); added much Am.S and boiled, filtered : 


| A black 


< Filirate was yellow (absence of Ni): added Am2COsg, filtered : 
} Exam 


tty Table III z, 


A white pp. Filtrate. 
Exam? by Table IV. | F’xam* by Table V. 


EXAM oF pp. IN Group III ps. 


Rinsed the pp. off the filter with some cold dilute HCl, 
stirred well, filtered : 


Pp. was black and had | Filtrate: boiled until it no longer smelt of H.S, added a 
already been proved | crystal of KCIOg, boiled until the smell of Cl ceased, 
to contain no Ni;; cooled and added pure NaHO in excess; 
fused a portion intoa 
clear borax bead. 


bead blue in both g me 
ae N Passed H.S into the sol; 
Abs. of Zn. 


oor no pp.: 
Pres. of Co. Abs. of Mn. pp-: 


EXam™ or pr. IN Group IV. 

1. Exam” by Flame col"—Dissolved a small quan- 
tity of the pp. in a few drops of HCl upon a watch- 
glass, dipped a loop of Pt-wire into the sol": and held 
j it in the Bunsen flame ; a crimson-red color was imparted 
3 to the flame, which appeared intense red through the 

indigo-prism: Pres. of Sr. This coloration was followed 
by a yellowish-green very persistent col":: Pres. of Ba. 
2. EKxam™ in the Wet Way.—Dissolved the rest of 


| the pp. in as little boiling HA as possible; to a small 
part of the sol", perfectly cold, added CaSO, sol"; an 
immediate pp. formed: Pres. of Ba. R 


25 


; 


ow 
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To the remainder of the HA sol"-, proved to be acid 
to litmus, added K,CrO, until the liquid appeared yellow, 
warmed and poured through a double filter : 


Pp., which con- | To the clear filtrate, which was orange-red in color, added 


tained all the AmHO until the color changed to light yellow, then 
Ba present, was added Am CO, in excess and filtered ; 
rejected. 


Filtrate was re- | Pp.; dissolved in as little boiling HA 
jected. as possible; added to a small por- 
tion of the sol» CaSO, sol» and boiled, 

a pp. formed, showing pres. of Sr. 
To the remainder of the HA solution 
added HoSO,, boiled, filtered, and to 
the filtrate, which gave no pp. after 
being boiled with more HgSO,, added 
Am HO in exeess and AmsU.0,, no pp: 

Abs. of Ca. 


EXaAmys. OF FILTRATE FROM GENERAL TABLE FOR 
Group VY. 


Evaporated the filtrate to dryness in a porcelain dish, 
seraped out the residue upon platinum foil, and ignited 
strongly until white fumes ceased to appear ; dissolved 
the residue off the foil by boiling with water to which 
several drops of HCl had been added, divided the sol 
into two unequal parts : 


To the larger portion added several | Into the smaller portion cipped a loop 
drops of H.SO, and boiled, then of platinum wire, and held it in the 
Am HO in excess and several drops Bunsen flame; an intense yellow 
of Am.C.0,; on heating, a slight cola; 


pp. formed; filtered, and added to 
the clear filtrate NagHPO,; a white 
erystalline pp. : 


Pres. of Mg. 


Pres. of Na, 
appearing crimson through the 
indigo-prism: 


Pres. of K. 


Confirmed the pres. of K by stirring a 


fresh portion of the sol= with PtCl, 
on a watch-glass; a yellow pp. 
formed. 


Metals found: Cu, Fe, Co, Ba, Sr, Mg, Na, K, NH,. 
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492. Exam®: For ACID-RADICLES. 


The following acid-radicles have already been detected : 
(CO,)’, (NO,Y, (ClO: 

By reference to the table of solubilities (455), under 
the columns corresponding to the above metals, the only 
salt insoluble in acids is found to be BaSO,; since Ba is 
present, and the substance is entirely soluble in acids, 
(SO,) is absent. 

The following acid-radicles have also been proved to 
be absent in the general examination for metals: 

(CrO,)”, by the HCl solution not becoming green on 
passing H,S 


(AsO,)” and (AsO,)’”’, by no pp. forming in Group 
IIs 


(SiO,)’ ‘and (SiF’,)’’, by no residue insoluble in HCl 
remaining on evaporating to dryness with HCl for Group 
Iida. 

(PO,)’”’, by testing with AmH MoO, in the HCl sol? 
for Group III a. 


The organic acid-radicles A and T are absent, since 
there was no smell of burning on heating the substance. 
The only commonly occurring acid-radicles remainin 
to be specially tested for are therefore Cl, Br, I, (C,O,)”, 
and (BO,)’”’; and of these Br and I are probably absent, 
since no violet fumes of I or brown fumes of Br were 

evolved with strong H,SO,. 
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Boiled a portion of the substance with pure Na,CO, 
sol": and filtered; acidified portions of the filtrate with— 


HNO, HA 


Added AgNOs; a perfectly white | Added CaSO,; no pp.: 
pp., easily sol. in AmHO: 
Abs. of (C,0,)’’. 


Pres. of Cl. 


Moistened a piece of turmeric-paper with HCl sol. of the sub- 
stance and dried at 100°; no brown stain produced. 


Abs. of (BOs)’’’. 


Metallic-radicles: Cu, Fe, Co, Ba, Sr, 
493. Found Mg, Na, K, NH,. 
Acid-radicles: CO,, NO,, ClO,, Cl. 


SECTION VII. 


APPARATUS, REAGENTS, ETC., REQUIRED FOR 
THE FOREGOING COURSE. 


LIST OF APPARATUS REQUIRED BY EACH 
STUDENT. 


494, The following list is so arranged that: 

Division I contains all apparatus which is required 
only for the experiments given in Section I. 

Division II is apparatus required both for Section I 
and for the Sections on Analysis. 

Division III is apparatus used only in analysis. 

Hence a student intending only to perform the experi- 
ments in Section I will require the apparatus in Divisions 
Tand II. If he is omitting this portion and intends 
only to work through the Sections on Analysis, he must 
be furnished with the apparatus in Divisions II and III, 
and will not require that in Division I. 

Note.—Apparatus contained in large brackets [ ] is useful but not 


indispensable ; the asterisk marks apparatus which may be kept for 
general use, and need not then be supplied to each student. 


Drviston I. (See note at end of list, page 303.) 

*1 Wide-mouthed, stoppered, white-glass gas-jar ; 
about 24 oz. capacity, and 2 inches inside across 
the neck, whose upper edge should be ground so 
as to be closed with a ground-glass plate. 

*1 Small-flanged cylinder, 6 inches in height, 14 inches 
internal diameter, ground at the edge. 

*1 Deflagrating spoon, brass cap 24 inches across. 

*1 Small two-necked Woulffe’s bottle, not less than 4 
oz. capacity ; or a small wide-necked bottle of not 
less capacity. 
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*] Small retort, best tubulated with stopper, about 4 
to 6 oz. capacity. 


Drvisron II. 


6 Test-tubes, 5 or 6 inches tongs and from } to ? inch 
in diameter. 

1 Test-tube cleaner. 

2 Lengths of hard glass tubing, rather more than $th 
inch internal diameter. 

*] Thistle funnel. 

*[1 Clock glass, about 4 inches across. ] 

1 Round ground-glass plate, 3 inches across. 

2 Porcelain dishes, one 24 inches across, one 3 inches 
across. 

2 Watch-glasses, about 2 inches across. 

1 Small flask, about 4 oz. capacity. 

*Red or black india-rubber tubing; one piece 18 inches 
long and ,°; inch internal diameter,' one piece 6 
inches long and ,8,; inch internal diameter. 

*] Bunsen burner' with separate rose-top. 

1 Small pestle and mortar. 
1 Iron tripod-stand. 
1 Piece of wire gauze, 5 inches square. 

*1 Round file. 

*{ Triangular file. 

*1 Small set of cork-borers. 

*] Small retort-stand, 12 inches in height, and fitted 
with 3 brass rings. 


Drvisron III. 


4 Glass funnels, two 2 inches across at the top, two 
24 inches across at the top. 

[2 Tobacco-pipe cleaners, for cleaning glass tubes. | 

2 Boiling tubes, 6 or 7 inches long, from 1} to 14 
inch across, 


1 The Bunsen burner and gas-tubing may be fixtures on each 
working bench, and will not then be purchased by each student. 
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1 Test-tube stand with at least 12 holes. 

1 Nest of 3 or 4 small-sized beakers. 

1 Length of glass rod. 

*1 Small porcelain crucible, about 1} inch across, and 
lid. 

1 Strip of platinum foil, 2 inches by 1 inch. 

2 Pieces of platinum wire,’ each 14 to 2 inches long. 

1 Black’s blowpipe. 

1 Pipe-clay triangle, 2 inches in the side. 

1 Pair of brass crucible-tongs. 

1 Large flask for wash-bottle, 18 oz. capacity, and 
from 1 to 14 inch across the neck. 

*1 Wooden filtering-stand. ~ 

*1 Tin filter-dryer. 

1 Small wicker-basket for draining test-tubes and 
other glass and porcelain apparatus after they 
have been washed. Little toilet baskets, 12 inches 
in length by 54 and 4% inches high, serve well. 


Note.—For the experiments with gases the student will also require: 
*A pneumatic trough, or earthenware pan as a substitute for it 
(see note, p. 23). 
A small piece of candle. 
A- wax taper, or slips of wood. 
A few sound corks of such a size as to fit test-tubes or small flasks. 


- Caution.—In a laboratory where many students are 
working, it is best to mark at once each piece of appa- 
ratus with initials, number, or with some private mark, so 
as to be able to recognize it if mislaid. Glass, metal, or 
porcelain apparatus may be notched with the edge of the 
three-cornered file, or characters may be scratched upon 
it with the sharp points made by breaking off the tip of 
a three-cornered file. Wooden apparatus can be written 
upon with pen and ink, or scratched with the tip of a 
penknife. 


1 Platinum wire containing Ba is not uncommon; it is known by 
iving a persistent green color to the Bunsen flame, and is useless 
or flame colorations. 
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APPARATUS FOR GENERAL USE. 


495. The following apparatus need not be purchased 
by each student, but should be kept in constant readiness 
for general use: 

496. An Indigo-prism.—A hollow glass prism, having 
an extremely small angle at its extremity, with ground- 
glass stopper fitting water-tight into the neck, is pur- 
chased ; this is to be very nearly filled with solution of 
indigo, and the stopper then tied in securely with fine 
copper wire. The indigo solution is made either by 
diluting a solution of indigo in strong sulphuric acid until 
it has the required intensity of color,’ or by dissolving 
indigo-carmine in water; the liquid is then allowed to 
stand for several days to give time for any sediment which 
may form to settle completely, and when quite clear is 
decanted into the prism. In the thicker part of the 
prism the blue must be so intense as to arrest the passage 
of the light from a flame colored yellow with a sodium 
compound, and to cause the potassium flame coloration to 
appear crimson-red. 

497. Several Small Slips of Cobalt Glass.—This glass 
is used for the same purpose as the indigo-prism, but the 
prism is to be preferred, more especially for the examina- 
tion for Sr. 

498. Set of Cork-borers.—These are used for perforat- 
ing a cork into which a piece of glass tubing has to be 
inserted (8). Nests of borers containing the three or four 
smallest sizes will be sufficient. 

499. Sulphuretted Hydrogen Apparatus.—It is advis- 
able to employ a large apparatus which will supply this 
gas to all who are working in the laboratory. The use 
of asmall private apparatus by each student not only 
causes unnecessary waste of materials and time, but vitiates 
the air of the laboratory whilst it is being washed out. 

Many forms of apparatus have been devised to supply 
the gas in a constant stream ; probably the following, the 


1 The addition of the indigo solution to ten times its measure of 
acid will usually give the required shade. 
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simplicity, efficiency, and cheapness of which render it 
very satisfactory, will be found the most generally useful. 


Fia. 39. 


{ 

' 

! 
ree 

rit 
y "G ie g - 


hg (lg + As 


ee D 


Note.—The level of the liquids in the vessels is shown by dotted 
lines; the vessel A when lowered from its stand is also shown in 
dotted outline. The whole is drawn in section. 


500. Sulphwretted Hydrogen Apparatus.—Two large 
bottles, A and B, with wide necks, and tubulures near 
the bottom, and of at least two quarts capacity, are fitted 
as shown in section in Fig. 39.* India-rubber stoppers 
should be used instead of corks, as the latter soon be- 
come sodden with acid and rotten,’and also lose their 
elasticity and permit leakage. The vessel B is laid upon 
its side to prevent breaking the bottom, and lumps of 
ferrous sulphide are dropped into it: the cork is then 
inserted, the clamp at E being closed. The glass tube 
fixed in the lower tubulure of B should be bent down- 
wards, so that its end nearly touches the bottom of the 
vessel. This drains the acid out of B to the lowest pos- 
sible level when A is lowered. Strong commercial 


' This apparatus may be purchased completely fitted from Messrs. 
Mottershead, of Manchester, and from most apparatus sellers, 


26 
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hydrochloric acid! is poured into A, then an equal bulk 
of water is added, and the liquids are mixed by shaking 
the vessel. 

When the gas is required, the vessel A is raised by 
being placed on a stand of suitable height, the acid runs 
into B, generates the gas by acting on the ferrous sul- 
phide, and by the pressure of the liquid in A the gas is 
forced through a little water in the washing-bottle C, 
and thence through a bent tube at D into the liquid 
which is to be saturated with sulphuretted hydrogen. 

When the flow of the gas is to be stopped, the serew- 
clamp on the india-rubber joint at E is tightened ; by 
proper management of this screw-clamp the stream of 
gas can be either totally arrested or controlled to any 
required extent; this clamp must always be so regulated 
as to permit of as little waste of gas as possible whilst 
using the apparatus. 

During working hours the vessel A should be kept 
raised, as shown in the figure; when laboratory work 
ceases it should be lowered to the position shown in 
dotted outline. The vessel B is always kept slightly 
raised by being placed on a wooden block or a brick, so 
as to encourage the flow of the last portions of acid out 
of it into A when A is lowered. When the acid is 
spent, it is easily poured out of A and replaced by fresh ; 
lumps of ferrous sulphide are added as required through 
the neck of B. The removal of the spent acid and the 
cleansing of the apparatus should be performad in the 
open air, or at a sink in a cupboard provided with a good 
draught. 

The neck of A may be kept stopped with a cork car- 
rying a bent funnel whose bend is filled with oil or 
glycerin; this lessens the escape of gas dissolved in the 
acid, and tends to prevent the apparatus from causing a 
smell. If several students require to use the gas at the 
same time, the broad stopper of B is perforated and 


1 The use of H,SO, instead of HCl is objectionable, since FeSO, 
crystallizes in the apparatus, impeding or preventing the action of 
the acid and its flow through the connecting tube; also, it does not 
produce such an easy and rapid evolution of the gas, 
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fitted with additional tubes and wash-bottles, or a system 
of distributing pipes or T-pieces connected with the tube 
from the cork in B may be employed. 


An apparatus for private use may be fitted as shown in Fig. 40. 
The larger bottle contains pieces of ferrous sulphide upon which 
HCl, diluted with an equal measure of 
water, is poured through the thistle-fun- 
nel ; the gas bubbles through a little water 
in the smaller bottle, and thence into the 
solution to be saturated. 


Fia. 40. 


The sulphuretted hydrogen ap- 
paratus should stand in a cupboard 
with a glass front and small doors, 
which is not used for any other |. 
purpose; the cupboard must be {| 
furnished with a flue in which a 
strong draught is created by an ar- 
gand or ring gas-burner, made of fire-clay or steatite and 
not of metal; if the cupboard doors are kept closed as 
much as possible, and students when using the gas are 
careful to prevent its unnecessary escape, the atmosphere 
of the laboratory may be kept tolerably free from this 
badly smelling gas. “The cupboard should’ have within 
it a drain into which are emptied the spent acid and 
washings of the apparatus. 

500 a. Passing Sulphuretted Hydrogen into a Liquid.— 
Each student should keep a bent glass tube (D, Figs. 39 
and 40), made according to the directions in par. 9: 
when the gas has to be passed into a liquid, the shorter 
end of this tube is fitted into the india-rubber joint E, 
and the other end is passed nearly to. the bottom of the 
liquid ; on slightly opening the clamp KE, a stream of the 
gas will bubble up through the liquid and may be regu- 
lated by the clamp; when the gas has passed for about 
five minutes the liquid will generally be saturated ; if 
this is the case it will smell of the gas strongly after the 
air above the liquid has been blown out of’ the vessel 
and the vessel has been well shaken. Great care must 
be taken to close the clamp at E completely when the 
gas is stopped. The tube D must be thoroughly cleansed 
after use, employing a tobacco-pipe cleaner if necessary 
for its inside. 
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501. A Small Agate Pestle and Mortar (Fig. 32, p. 75). 
—This is required for powdering very hard substances, 
more particularly minerals. The substance must have 
been already broken into small fragments, and these are 
then crushed to powder by pressure and “ trituration,”” 
until a powder is produced in which no particles or 
grains are felt when it is pressed or rubbed with the 
pestle or the finger; such a powder is commonly termed 
an “impalpable powder.” On no account must a sub- 
stance be broken by placing it in the mortar and striking 
it blows with the pestle, as this is very liable to cause 
the fracture of the mortar. 

502. Several small leaden eups or a platinum crucible 
should be kept in readiness for testing for F by para- 
graph (295) or (296). The leaden cups are easily made by 
beating out thick sheet lead into the required shape, the 
mouth being of such a size as to be readily covered by a 
watch-glass ; the small leaden inkpots often employed in 
school-desks serve well for this purpose. 

503. .A Steam-oven.—This is a small oven of sheet 


copper, heated to the temperature of boiling water 
(100° C.) by water contained in the space between the 
exterior of the oven and a copper easing which surrounds 
it (Fig. 41); the outer casing often has a circular open- 
ing cut in the top, covered by a lid when not in use, 


1 Rubbing round and round under the pestle. 
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which serves as a water-bath (504). The level of water 
in the jacket is maintained constant by a little contriv- 
ance shown in section at ¢: a small reservoir communi- 
cating by a lateral tube with the space between the oven 
and its jacket is constantly replenished by water which 
drops into it from the supply-tube (d); the overflow of 
this reservoir is a tube rising in its centre whose end 
terminates inside above the level of the lateral tube. The 
outlet for steam (f) may be turned downwards, so that 
any water formed by the condensation of the steam drops 
into the reservoir (c), or it may be made to communicate 
with the worm of the still (506), the escape steam being 
thus condensed into distilled water. The steam-oven 
should always be supplied with distilled water, as this 
prevents the formation of a troublesome incrustation in 
the interior. A vessel of distilled water may be con- 
nected with the oven by a siphon, having a bulb or ver- 
tical closed tube at its bend, to prevent the air boiled out 
from the water from stopping the action of the siphon; 
or the escape-pipe (f) may be turned upwards and con- 
nected with a long vertical or oblique tube, which, if the 
flame is small, will condense the escaping steam, and 
obviate the necessity of a constant supply of water. 

The steam-oven is employed to drive off the moisture 
from solid substances which require to be dried at a gentle 
heat. 

504. Several Copper Water-baths.—The water-bath con- 
sists of a hemispherical copper dish with its edges turned 
over inwards ; a series of flat copper rings of gradually 
diminishing diameters are made to rest upon the edges of 
the bath or upon one another’s edges, so that the opening 


_. at the top can be made as small as may be desired. The 


bath is about two-thirds filled with water, and is heated 
on a tripod-stand until the water boils, the excess of 
steam escaping by « small hole made just below the edge 
of the bath; the flame should be so regulated that the 
water is kept gently boiling. A small-sized saucepan 
is a homely substitute for the copper water-bath. 

Any liquid requiring to be evaporated at a gentle heat 
is placed in an evaporating-basin upon this bath, its tem- 
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perature during evaporation cannot then exceed the tem- 
perature of boiling water (100° C.). 

The top of the water-oven is frequently made to serve 
as a water-bath, see (503). If the water-bath requires 
to be used for any considerable length of time, it may be 
supplied with water in the same way as the steam-oven 

503). 

504a. The following cheap and simple device serves 
the purpose of both water-bath and steam-oven on a 
small scale. Two circular plates of sheet zine are ob- 
tained,’ about four inches in diameter, so as to cover the 
larger-sized porcelain dishes used by each student; in 
one of these a circular hole concentric with the edge of 
the plate and two and three-quarters inches in diameter 
is cut, in the other a similar hole is made one and a half 
inches across. These covers, when placed on one of the 
larger porcelain dishes, nearly filled with water and 
boiled by a lamp, convert it into a water-bath, a small 
dish containing the liquid to be evaporated being sup- 
ported in the hole of the plates; small quantities of 
liquid may be evaporated or solid substances may be 
dried by placing them on a watch-glass supported on the 
smaller perforated plate. 

Ina large laboratory, however, steam-ovens and water- 
baths are usually kept constantly heated by steam or 
boiling water, and are used in common by all students. 
The steam from a large water-bath may advantageously 
be condensed to distilled water by connecting the escape- 
pipe of the bath with a long tube or the still-worm. 

505. Several Small Tubulated Flasks.—The small flask 
shown in Fig. 38 (p. 150) is very convenient for the reac- 
tions described in pars. 260, 264, and 273. It is the 
form of apparatus best suited for the test for a chloride 
described in (260) becanse the K,Cr,O, powder is not 
introduced through the same tube as the CrO,Cl, escapes 
by, and the risk of the mixture in the flask spirting into 
the delivery-tube is rendered very small. Its neck should 
be closed by an india-rubber or glass stopper. 


' Any working tinman will make them to order. 
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DISTILLATION OF WATER. 


As has been already shown (Ex. 31, p. 40) water or- 
dinarily contains certain solid substances dissolved in it 
which render it in a chemical sense impure; such water 
is therefore unfit to be employed for the process of solu- 
tion and washing, since any impurity thus introduced 
into a substance during analysis would be considered 
when detected to have been present in the original sub- 
stance. The quantity of these impurities present in any 
particular water-supply will depend upon the nature of 
the soil with which the water has been in contact previous 
to its collection. ‘The water supplied in some districts 
will be found when subjected to the tests given in [(526) 
Remark 41] to be almost perfectly pure; carefully col- 
lected rain-water will invariably yield no indication of 
dissolved impurity; the water supplied to the majority 
of laboratories will, however, be found to be unfit for 
analytical purposes, until it has been freed from the 
solid substances dissolved in it »y being subjected to the 
process of distillation. 

In most towns distilled water can be purchased, but it 
is preferable to distil in the laboratory or its immediate 
neighborhood all the water required for use. For this 
purpose the steam obtained either from a steam-boiler or 
from a copper still heated by a furnace or gas-burner, or 
from the water-baths and steam-ovens in the laboratory, 
is condensed by a tin worm-pipe immersed in a tub 
through which a constant stream of cold water runs. 

506. The following constant apparatus has proved 
most serviceable in the author's laboratory, and may be 
used wherever gas and water are laid on in a suitable 
way. Its advantage lies in the fact that the still is con- 
stantly supplied with the hottest portion of the water 
from the condenser through a lateral tube. When the 
apparatus has been properly fitted up and the supply 
adjusted, it requires no attention whatever except light- 
ing and extinguishing the gas under the still, and turn- 
ing the water-supply on and off when distillation is 
started and stopped; it is advisable occasionally to re- 
move from the interior of the still, and from the supply- 
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tube connecting it with the condensing vessel, the deposit 
which accumulates by evaporation of the water. 

The accompanying sketch (Fig. 42) renders a length- 
ened description of the apparatus unnecessary ; it repre- 
sents the apparatus in section. A copper still (A) is 
heated by the flame of a large-sized Bunsen burner or by 


Fia. 42. 


a ring gas-burner, the steam passing off from the top of 
the still through a tin tube bent into a spiral form in the 
condensing-tub (B) which is made of copper or galvan- 
ized iron; from this condenser the distilled water flows 
into a large stoneware vessel (C), with a tap below from 
which the water is drawn when required. A long siphon- 
tube (C D) serves as a gauge. The condensing-tub (B) 
has three tubes let into the side facing the still; one of 
these (d), placed about an inch above the bottom of the 
vessel, is the inlet for’ cold water from a cistern whose 
water level must be higher than that maintained in A 
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and B; this level is marked by the single dotted line, 
and is kept constant by the overflow-tube ¢, which is con- 
nected with a pipe leading to a sink or drain. Just be- 
low this overflow-tube is a short tube (f), which is on a 
level with another (gy), opening into the side of the still ; 
by connecting these two tubes with an india-rubber joint, 
a supply of warm water from the upper part of the con- 
denser is furnished to the still, keeping the level of 
water in it constant; a small glass jet drawn out from a 
piece of glass tubing is fitted into this connecting-tube, 
and has been found sufficient to prevent a too free circu- 
lation of water between the still and condenser. The 
still is supported on an iron ring, projecting as a bracket 
from the condenser. By having two taps in the inlet- 
tube (d), or by using two clamps on the india-rubber joint 
which connects it with the supply-pipe from the cistern, 
much time is economized, as the flow of water may be regu- 
lated once for all by one tap or clamp, the other being used 
only for stopping and starting the stream. The copper 
still should be furnished with a lid screwing upon its 
mouth for convenience in removing the deposit which 
collects within, and into this lid should be fastened a 
brass tnbe carrying a screw-union by which the tin con- 
densing-pipe may be fastened steam-tight to the still. 
The wooden stand for the still and storing-jar is conve- 
niently fitted with shelves and doors to serve as a cup- 
board. Such a copper still, 23 inches in circumference 
below and 8 inches in height, when filled to a height of 
4 inches and heated by. the largest-sized Bunsen burner, 
yields 2 liters of distilled water per hour. 

In laboratories where a larger supply of distilled water 
is required, a copper still of several gallons capacity may 
be set in masonry and heated by a small furnace fed with 
coal or gas. The overflow from the still-tub should then 
pass into a small cistern whose overflow-pipe keeps its 
water surface level with that required in the still; and 
the still and cistern are connected by a tube bent down- 
wards in its middle to prevent the passage of water from 
the still to the cistern. 

For tests of purity see Remark 41 (526). 
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RECOVERY OF THE METALS FROM SIL- 
VER AND PLATINUM RESIDUES. 


When AgNO, or PtCl, has been added to a solution 
the liquid is not to be thrown into the sink. 

507. Silver Residues.—If AgNO, has been added to a 
liquid it must be emptied into a vessel,’ labelled “Silver 
Residues,” containing strong HCl, which precipitates 
AgCl. When the vessel is full, the AgCl is allowed to 
settle, and the liquid decanted from the AgCl; more 
HCl is then poured in, and the vessel is again ready for 
use. When a sufficiently large quantity of AgCl has 
been formed, let it settle, decant off the liquid, and wash 
the precipitate well by decantation; pour it upon a filter, 
and dry upon the filter. One of the two following 
methods may then be employed to obtain metallic Ag 
from the AgCl: 

1. Mix the AgCl with twice its weight of a mixture 
in equal proportions by weight of Na,CO, and K,CO,; 
place this in a clay crucible of such a size that the mix- 
ture only half fills it, and heat in a furnace until the 
mass becomes liquid; maintain it in a fused condition 
for about five or ten minutes, remove the crucible, and 
tap its bottom several times gently upon a brick to cause 
the fused particles of Ag to unite. Allow the crucible , 
to cool, break it up, and wash the button of Ag, which 
will be found at the bottom, until it is quite free from 
adhering salts. 

This button is then dissolved by heating it in a flask 
with pure strong HNO, previously diluted with about 
half its measure of water; the solution is evaporated to 
dryness, the residue dissolved in a little water and once 
more evaporated to complete dryness. The AgNO, is 
then dissolved in the right proportion of water to furnish 
reagent No. 48 (525). 

2. A readier method for decomposing the AgCl con- 
sists in placing it in a dish with a little water acidified — 


’ Most conveniently a large bottle, with a funnel in its neck. 
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with dilute H,SO,, and laying upon the AgCl some strips 
of Zn free from Pb; after some hours the Ag will be 
separated as a black spongy mass. This is well washed 
by decantation with hot dilute H,SO,, and then washed 
also by decantation with boiling distilled water till free 
from the H,SO,; the Ag is dissolved in HNO, as di- 
rected in the first process, the solution evaporated to dry- 
ness, and the AgNO, used for preparing the reagent. 
Any residue insoluble in HNO, will be unreduced AgCl ; 
this may be filtered off and added to the silver residues 
for subsequent reduction. 

508. Platinum Residues.—Liquids to which PtCl, has 
been added are poured into a vessel! labelled “ Platinum 
Residues ;” when a sufficient quantity has been obtained 
the liquid and precipitate are poured into a porcelain 
dish, evaporated to dryness, and heated strongly for some 
time; as soon as the dish is cool the residue is boiled with 
water, which is decanted, and upon the residue some so- 
lution of oxalic acid is poured; this is evaporated to dry- 
ness and the residue strongly ignited. ‘The residue of 
metallic Pt is once more washed with boiling water, and 
is then dissolved by heating it with HCl to which one- 
third its measure of HNO, has been added; the solution 
is evaporated to dryness, the last part of the process being 
performed over a water-bath. HCl is then poured in, 
and it is once more evaporated to dryness and heated for 
some time on the water-bath ; this residue when dissolved 
in water forms the reagent No. 28 (525). Any waste 
seraps of platinum foil and wire should be carefully pre- 
served, and after having been cleansed by boiling them 
with HNO, and washing well with water, they may be 
dissolved in HCl and HNO, and solution of PtCl, pre- 
pared as is described above. 


1 Conveniently a large glass bottle, with a funnel in its neck. 
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DIRECTIONS FOR PREPARATION OF 
REAGENTS. 


Note.—The reagents required for chemical analysis are much more 
readily obtained at the present time than they were in former years. 
They can usually be purchased in a pure state, and therefore processes 
of preparation, which formerly of necessity occupied a large portion 
of Manuals of Practical Chemistry, are here omitted. It will be 
found usually more economical to purchase pure chemicals than to 
prepare them. 

509. Many reagents are required in a dissolved or 
diluted state; it isa matter of much importance that 
these solutions should be made of a proper strength, and 
that the methods of preparing them should be as rapid 
and simple as possible. 

The strength of the solutions is chosen somewhat arbi- 
trarily; indeed, the strength of a solution may be varied 
with advantage according to the different purposes for 
which the reagent is to be employed. It is found, how- 
ever, that in practice a solution of one strength may usu- 
ally be made to serve all analytical purposes. The pro- 
portions of liquid or solid to be mixed with or dissolved 
in a certain quantity of water, which are given hereafter, 
are those (or very nearly those) recommended in standard 
works on analysis. It is not intended, however, to assert 
that they are for all purposes the best, but merely that 
they are generally suitable. 

510. A good and economical store-bottle for liquid 
reagents is the ‘‘ Winchester quart” bottle, a stock of 
which generally accumulates in a laboratory, being con- 
tinually introduced filled with strong acids. The follow- 
ing methods of filling these have been found simple and 
easy of execution. 

The process of preparing solutions divides itself natur- 
ally into the “dilution of liquids” (511), and the “solu- 
tion of solids” (512). 


511. Ditution or Liqurns. 


In the following lists the proportions by measure are 
stated in which the liquid and distilled water are to be 
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mixed; these proportions are roughly, but sufficiently 
accurately, obtained by measuring with a foot-rule the 
height of the bottle outside from the bottom to the pro- 
jecting ridge at the shoulder, then dividing this height 
in the required proportions, and marking the point of 
division by a line scratched upon the bottle with a three- 
cornered file. Thus dilute HCI (No. 2, 524) is made by 
mixing strong HCl with three times its measure of water ; 
supposing, then, the measured height of the “‘ Winchester” 
to the shoulder to be 8 inches, a file-mark is made 2 
inches from the bottom, and on filling the bottle to this 
mark with strong HCl, then up to the shoulder with dis- 
tilled water, stoppering and shaking up, a dilute acid of 
the required strength is obtained. This method serves 
for numbers 2, 3, 4, 6, and 7 (524). For the prepara- 
tion of No. 1 see column of remarks in the same para- 


graph. 


512. SoLurion or So.ips. 


For dissolving solids two methods are here described ; 
the former (514) is useful when the solution has to be 
rapidly prepared; the latter (515) requires less atten- 
tion, and may be used when the solution is not required 
at once. 


513. Against each reagent prepared from a solid there is placed 
in paragraph (524) a number, signifying the number of grams (see 
560 et seq.) to be dissolved in one Winchester quart of water, and in 
all the lists will be found the proportion by weight of solid to water. 
The former number is obtained from the proportion stated in the 
next column, by considering that an average-sized “ Winchester,” 
filled an inch above the ridge round its shoulder, holds about 2400 
ec., and since each cc. (560 et seg.) of water weighs approximately 
1 gram, we have at once the weight of water (2400 grams) contained 
in the bottle, from knowing its capacity ; and, the weight of water 
being known, the weight of solid to be dissolved in it is readily cal- 
culated from the proportion given.’ - 

Thus the proper strength of AmCl solution (No. 5, 524) is 1 of solid 
Am(C] dissolved in 8 of water, as shown in the fifth column, or a given 


* This method may also be employed when smaller quantities of 
the reagent are to be prepared. Measure the number of cc. required 
to fill the bottle, count the number as grams, and calculate the pro- 
portion of solid required as above. 
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weight of water must have dissolved in it {th its weight of AmC1; 
since a “ Winchester” holds 2400 grams of water, we must then dis- 
solve 24° = 300 grams of AmCl in it to obtain a solution of proper 
strength. 


514. Mernop I.—Weigh out the required quantity 
of the solid substance, dissolve by heating it with dis- 
tilled water in a large-sized porcelain dish placed on a 
tripod-stand over a rose-burner; this solution would 
often crystallize on cooling, hence it should be at once 
poured into some cold distilled water contained in a large 
beaker marked to show the quantity of liquid required 
to fill the “ Winchester.” Whilst pouring off the liquid 
press a wet glass rod, held vertically, against the lip of the 
dish, and let the bottom of the dish touch the inside of 
the top of the beaker. These directions will, with proper 
care, prevent the liquid from running down outside the 
beaker. Dilute this up to the “ Winchester” mark with 
distilled water, stir well, and if turbid let stand covered 
from dust until clear; then pour off into the store-bottle, 
carefully leaving the sediment behind. If the liquid is 
wanted in haste, it may be filtered into the bottle. The 
coarse brown French filter-paper is useful for this pur- 
pose, being strong and porous. It is best to filter the 
liquid before diluting it to the full extent, as the quan- 
tity to be passed through the filter is thus lessened and 
time economized. 

The above method is of general application in the 
solution of solids. 

515. Meruop II.—The following method is adyan- 
tageous, because the process of solution once started pro- 
ceeds continuously without further attention. It de- 
pends on the fact that the specific gravity of water be- 
comes higher the greater the quantity of solid dissolved 
in it; hence if the solid is immersed in the water, and 
supported near the surface, a circulation of the liquid is 
produced by the constant sinking of the water which has 
been in contact with the solid, and by dissolving some of 
it has increased in specific gravity, this being replaced 
by the comparatively lighter liquid from below. The 
circulation of water over the solid gradually dissolves it 


; 
; 
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without the use of heat, and without requiring any atten- 
tion after the process has once been started. 

A glass cylinder (A, Fig, 43) open at both ends, has 
one end covered with a piece of muslin, shown by a fine 
dotted line, which is fastened on by an india-rubber ring, 
embracing its edges: this cylinder, with a 
muslin bottom, is supported in a large Fie. 43. 
beaker by means of two pieces of glass rod 
or tube, bent as shown at ¢ ¢ ¢; the cylin- 
der stands at such a height that the muslin 
bottom is about two inches below the mark 
made on the beaker to show the Win- 
chester quart measure. Distilled water is 
then poured into the beaker until it buries 
the muslin to the depth of about half an 
inch; the weighed substance, best in small 
pieces, is placed in the cylinder, and the 
whole allowed to stand until the solid has 
been dissolved; with large quantities of 
substance this will usually require several hours, with 
smaller quantities about twenty minutes or half an hour. 

The processes of solution and filtration are performed 
simultaneously by laying a piece of filter-paper upon the 
muslin before fastening it on the cylinder; the filter- 
paper will retard the process, but the coarse gray kind 
referred to above will do so least. 

Perhaps the most advantageous way of using this pro- 
cess, especially for dissolving large quantities of sub- 
stance, is to start it over night; the solution will then be 
completed by the morning. In this case the filter-paper 
will be unnecessary, as any fine particles which have 
passed through the muslin will have settled, and the 
liquid can be decanted from them. 

It must be borne in mind that the solution of many 
salts in water, especially such salts as contain water of 
crystallization, increases the volume of the water; hence 
the quantity of water placed in the beaker must be less 
than the Winchester quart measure, and the. liquid is 
made up to the required volume, if necessary, after solu- 
tion has been effected. 
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As a convenient substitute for the glass cylinder, A, 
with muslin bottom, an earthenware 
bs igs colander may be employed (Fig. 43 a), 
7 ff filtration being effected when necessary 
by laying a piece of filter-paper inside 
the colander before placing in it the 
fragments of the substance. Should 
the beaker be able to contain more than 
the Winchester quart of water, a stop- 
pered bottle of suitable size may be 
immersed in it to raise the water-level 
sufficiently to reach the substance. 


PREPARATION OF SOLUTIONS REQUIRED FOR TRY- 
ING THE REAcTION OF METALS AND ACID-RADI- 
cLES, Section LV. 


516. The solutions required for trying these reactions 
should be prepared of a strength suited to yield them in 
a characteristic manner; it is therefore advisable that 
solutions of the requisite strength should be kept in readi- 
ness, since, if the student has to dissolve some of the solid 
substance himself, he is liable not to obtain satisfactory 
results, either because his solution is made inconyeni- 
ently strong, or because it is too dilute. The plan of 
keeping these solutions in stock is also recommended by 
the consideration that it economizes the student’s time 
and tends to prevent waste of chemicals. 

517. In paragraphs (529) and (530) are lists of the 
solutions which are required for the complete series of 
reactions in Section IV : the first column gives the num- 
ber, the second the name, and the third the formula of 
each substance; in the fourth is stated the number of 
grams which are to be dissolved in one Winchester quart 
of water or acid; in the fifth column the proportion by 
weight of solid to water, from which the number in col- 
umn 4 was derived; and in the sixth column will be 
found special remarks relating to the preparation of par- 
ticular solutions. The general methods of preparing 


| 
| 
| 
| 


518-520.] LIST OF THE REAGENTS. 321 


solutions have already been given in paragraphs (514) 
and (515). 

Pure solid chemicals are almost invariably sold in the 
crystalline condition, since they have been as a rule puri- 
fied by the process of crystallization. The weights given 
below are therefore weights of the crystalline sub- 
stance; in a few cases the substance was weighed in the 
uncrystalline condition—these are marked by an (a) 
placed after the name in the first column, signifying 
“amorphous.” Directions for labelling the store-bottles 


_of these solutions will be found in paragraphs (522) and 


(523). 


LIST OF THE REAGENTS. 


518. Paragraphs (524), (525), and (526) contain lists 
of the reagents, solid and in solution, which should be 
kept in readiness in the laboratory ; they are dissolved 
in distilled water unless it is otherwise stated. 

The reagents are here divided into two classes. The 


_ first (524) being in constant use and comparatively inex- 


pensive, should be contained in small bottles placed above 
each working bench, or one complete set should be pro- 
vided for the use of each student. The second class (525, 
526) are less frequently required, or are of a more costly 
nature, and one set may be placed in an accessible part 
of the laboratory for the use of many students. 
519. Each reagentis numbered in the following lists ; 
this number is a convenient means of reference and also 


i serves to keep the reagent bottles always standing in the 


same order, which much facilitates finding any bottle 
when wanted ; the student is recommended to keep his 
bottles arranged in the order indicated by these numbers. 
The full name and chemical formula accompany each 


- number, and every label in the laboratory should carry 


legibly the number, name, and formula of the reagent it 
contains. 

520. In the last column of each list are placed re- 
marks as to the preparation and the condition of the re- 


27 
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agent. The numbers found in the last column but one 
express the strength of the solution of the reagent if a 
liquid, by stating the proportion of the strong liquid or 
solid as purchased to the water with which it is mixed or 
in which it is dissolved, the proportion being expressed 
as a ratio in which the water always stands last ; in the 
case of liquids the numbers express proportion by meas- 
ure (m.), in the case of solids the proportion by weight 
(w.). A number is also placed in the fourth column op- 
posite each reagent prepared by dissolving a solid sub- 
stance, which denotes the weight in grams of the solid 
to be dissolved in a Winchester quart bottle of water. 

Thus No. 2 (524), hydrochloric acid, is prepared by 
mixing strong HCl with 3 times its measure of distilled 
water. No. 5, ammonium chloride, is made by dissoly- 
ing solid AmC1 i in 8 times its weight of water, or by dis- 
solving 300 grams of solid AmCl in one Winchester 
quart of water, Full descriptions are given in para- 
graphs (511), (514), and (515) of the methods used for 
making these solutions. 

521. The special reagents which stand on shelves 


above the bench are kept in small bottles ; the solids, Nos. 


18-21 (524), in 4-oz. wide-mouthed stoppered bottles, 
which are filled when necessary from the store-jars (stone- 
ware jars with ground clasp-covers),’ the liquids (Nos. 1— 
8) in narrow-necked 6-0z. bottles, and (Nos. 9-17) in 4- 
oz. bottles supplied from the Winchester quart bottles 
in which the store-solutions are kept. The general rea- 
gents (525, 526) should be kept in bottles of not less than 
12 oz. capacity. 

522. Labelling.—Bottles intended to contain strong 
acids or alkalies should have labels etched upon the glass ; 
such bottles are easily obtained ; an ordinary paper label, 
however, protected by paraffin varnish, which is applied 
according to the directions given below (523), will last 
for a considerable length of time. 

The paper labels required for reagents and_store-bot- 


1 Powdered solids are conveniently removed from large store-jars 
by means of wooden spoons. 
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tles are most conveniently kept ready gummed in the 
form of sheets either separate or stitched together into the 
form of a book. They must be stored in a dry place. 
They should bear in bold legible type at least the full 
name and formula of the substance, the number, if not 
already printed, being written upon each.’ Great care 
should be bestowed on making the moistened label ad- 
here over its whole surface by gentle pressure with a clean 
cloth. 

Names or formule painted upon the clean glass with 
“ Brunswick black ” paint are very permanent, resisting 
ordinary wear and the action of chemicals perfectly. 

523. Varnishing Labels.—It is advisable to varnish 
each paper label, which is intended to be permanent, as 
soon as it is perfectly dry; the label is thus protected 
against being soiled or wetted. The ordinary process 
consists in first sizing the label by brushing over it a so- 
lution of isinglass in water, and then, as soon as this has 
perfectly dried, applying a thin coat of label varnish ; 
the bottle must not be used until this varnish is quite 
hard. 

A much more simple process of varnishing consists in 
melting some solid paraffin, which must not be heated so 
strongly as to cause it to emit vapor, and brushing this 
rapidly over the dry label with an ordinary varnishing 
brush ; after a little practice a uniform film can be ap- 
plied which does not soak into the paper, hardens imme- 
diately, and resists the action of water, acids, and alka- 
lies. The chief precaution to be observed is to heat the 
paraffin as little as possible above its melting-point, as, 
if it is too hot, it greases the paper. 


! A book of labels (“A Series of Chemical Labels for use in Lab- 
oratories”) is sold by Messrs. Mottershead, of Manchester, which 
contains the name of each substance in full, printed in clear type, 
space being left to insert formula and number. 

Messrs. Mottershead also supply gummed sheets of labels, printed 
especially for use with this book, containing all the numbers, names, 
and formule in the lists in pars. 524, 525, 526, 529, 530, 531, and 
532. 
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524. REAGENTS REQUIREE 


1. |" 2, 8. 
Reference Name. Formula. 
number. | The numbers in brackets refer to marks corre- 

spondingly numbered in the sixth column.] 


Liquids. 
JB HBO 6s: cccsexseneens 
2. HCl... - 
3. PUGeg ines 
4. Acetic acid (‘).......... Vakoessavo¥anerheitedanasauemeeaetees eateres Hey } ass okebe ons ear 
5. Ammonium chloride (5)...........cssceseeeees sod vacceccieece. |) Nava Clivcceurssenn eae 
6. Ammonia, or Ammonium hydrate (°).............0006 NH HO) i ccssidesanseanes sah 
7.  .| Ammonium sulphide (’)...... ats aecvavehuptia pe vanenteesedine (NE g)gS cua sevocnvicws sovioto tate 
8. Ammonium carbonate (°)...........006 apecan ana ei eaaney (NBy)oCOg... siento ana 
9. AMM ON LAM Ox A1OGO: 9.406. c0cascocsnaces su seuanad oe ontens (N Hyg)oCo04.2H20 ... 0200 
10. Potash, or Potassium hydrate ........0sccsesssssessdaseees KHO 3.3.2. :icctiapo eee 
da: Potassium ChroMate,......ssssserescen scseoe sess ive KgCrO gees sor see sense ren eneene 
12, Potassium ferrocyanide ........sccccersecseses svecees dareen KyFeCyg.3Ha0....0...sc0000 
13. 1Potassium ferricyanide (°)..........ccssccsessesscess soneas Kg eoCyag os seeceecsecsesneee | 
: *Sodium phosphate (2°), or ' 
tae Hydric disodic phosphate, or snadiaenl Snecwanveer NagH P0,.12H20.........28 | 
Hydrogen disodium phosphate, i 
15. Sodium carbonate...sssssssssee get A pe iY NazC0g.10H30 (crystals). 
16. Caloiwin Sul Phate ts .iiisssiiiascaecssvecowven sve al vasbageinee CaSO) aiienen soeereenene nee | 
17. Bariom ehlorlde,..i.) cccteactiatociccous satus pavaaumceeten . | Bale 20s. ccsicccecee 
Solids. ; 
18. Sodium carbonate: (His tivassncucanweesseanes esasicoeenes Nag Og... seuss aassncsseunmee 
19. Borax ("°) <checseqeeeaaaena 
20, Potassium chlorate...........s06 uate Reuven ns Sune ueata eae 
21. DGGE PAPETS: 5 sac ncctindeccssaitseeesstic catvey sudeceuscasmuanemeeys 
7 


1 This reagent undergoes decomposition by exposure to light and must not be kept near a_ 


? Hydrogen sodium ammonium phosphate (NaAmHPO),solution serves better for precipi- 
or NagliPO,. : a 


524.) 


FOR EACH BENCH. 825%. 


OR EACH BENCH. 


4 


Weight of solid in 
grams to be dis- 
solved in one ‘‘ Win- 
chester” of water. 


200 


600 


Saturated solution (527). 


200 


In small crystals. 


Blue and red litmus 
and turmeric papers 
in small strips. 


5 


Proportion of 
solid by weight 
(w.) and liquid 
by measure (m.) 
to water. 


ge ih 


212. 
oS Vit 


a 
Te ae Cae ee a ee Pere 

bo 

- 

~ 

= 


6. 


[The small numbers refer to corresponding 
numbers in the second column. } 


1. Pure strong H,SO, must be poured in the 
proper proportion into water contained in a 
large thin beaker or an earthen jar, con- 
stantly stirring the water all the time; the 
right proportions are obtained by measure- 
ment of the height of the vessel (511). The 
hot liquid is cooled by immersing the vessel 
in cola water, and is then poured into the 
store-bottle. If the acid is pure, no white pre- 
cipitate (PlSO,) forms on dilution. 

2. Must be colorless, and give after dilution no 
precipitate with either BaCls or H.S. 

3. Must give no precipitate after dilution, with 
BaCl, or AgNO; added to separate portions. 

4. Must give no precipitate with BaCly. 

5. Must give no precipitate or coloration with 
Am,S. 

6. Must give only a very slight precipitate 
with lime-water, no coloration with Am,S, 
aud separate portions acidified with HNO, 
must give no precipitates with BaCl, and 
AgNO ,. ‘Liquor ammonie fortissima,” of 
880° specific gravity, is bought. 

7. Must be yellow, and give with acids HS 
and a white precipitate of S; it must give no 
precipitate with solutions of Ca or Mg salts. 

8. The solid AmsCO3 is dissolved by being 
heated with water in a porcelain dish (514); 
in diluting, one-fourth of the “ Winchester” 
must be filled with strong AmHO. 

9. Must give no blue precipitate with FeoC], 
solntion. 

10. Must yield no precipitate with AmHO. 

11. Dry finely powdered solid. It must, after 
having been dissolved in excess of HNOs, 
give no precipitate with BaCly or AgNOg, or 
AmHMo0, (277), and if evaporated -with ex- 
cess of HCI must leave no residue insoluble 
in dilute HCl (290 a). 

12. The borax is best dried by heating in a 
platinum or porcelain dish until after melt- 
ing it has again become solid; this solid mass 
is then finely powdered in a mortar and kept 
in a stoppered bottle. 


window. 


tation of Mg than does NagHPO, solution; it is prepared of the strength given the above 
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525.—REAGENTS FOR GENERAL Us 


Note.—Except in large laboratories it will be unnecessary to keep th 
in the laboratory may be made up to the right strength as soon as they 


2. 3. 


Name. 


Reference | [The small numbers in brackets refer to remarks Formula. 
*| number. correspondingly numbered in the fifth column. ] 


25 Sulphuric acid ()... ... svi. soe ceseve ves condos cevanctess stueeeldn:lf. EMO enee eae 
26 Hydrochloric acid (2)1........... 
27 NIGP BIA ah eishicicsccese waters sce 
28 SPiatinitin: CHIGMd6:.:.0s siccakeuumy eee 
29 Alcohol, Rectified spirit.(8),.....<.cscseacsses sddusdevebaneen CaHgO..0. 05 eee eoe ere j 
30 Darturio wetd: (iid. AAs i eee HV or Ho Ha......- 
31 ‘| Acid sodium tartrate, Hydric sodic tartrate (®)..... NaHT.H,0 
NaHC,H,0,.H,0 
32 Staal ee yin toa person nd ca are OO ae 1 
33 Acetic acid (4)4....... 2 uapuipud ao Baca aes HA or HCgH,0o......00 4 
34 Cobalt nttrate«®)/7 ita Ale ceases CO(NOp)e.6HeO..s-secseom 
35 Hydrofinosilicic acid (™).cc....0..00sacas osoeeare hoes HBUY,,.2,caas ee 
Sulphuretted hydrogen eee os 3 
Hydrogen sulphide (7) nee ese cee cee een eee silico. viv oer usar 
37 Oxalic acdc cuitstutiaomekeuvancce een eee fl eS aa a 
20a. 
88 Potassium: sulphocyanide... ...ccs..<cocessseeceo ove ase ese ev KGYS. ic csc 


39 PGtassia th ‘MUTA «si ieais <lees ELA, wo seWvaedvadeecceneeteee KNOQg... .ccccccspareseue 
40 Lead acetate: (4) s:c.sieiaavvaasteeneasessuccevaratess aus beste re 
Pb(CH309)2.8H20 
41 Sodium. acetate........csseceernns sir ove say vee tes sae cus cosas tat say) 1d Se } 
NaC,H,0,3H,0 5 
42 PObassini CYANIGS (7%) .% .2v:.c5 ccc ssvsee ubsvasusecsn escorts KCy or KCN....<:cs0 ss 
43 Bromine water (cai sev descstveenes cartoossens ume cle Ree 
44 MiBUHHUS <CHIOTIAG (™) 2315. <oxc.c sen tsdvab avoederea nese SnClo.2H30 5. <<. scotaasies 
45 GOPPOT [7 )isssiwisdssc deu.cadae teemendsts bees perenne ece eee Cu 
47 BCE) cnssecsnsdususs eatmurcsusar ace ass cer ecaskv ele ae meee eREne Fe 
48 Silver nitrats iscpatensee hase ee AGNO ge seassssivnovessteenen 
49 Sulphurous acid, ...... HgS0j..: <icssctecenreessceee 
50 Copper sulphate.......... CuS0,.5HQ0...0:<..ssec0e 
51 Magnesium sulphate...............ccsssssescceess MgS04.7Ho0........sc0e0e 
52 Mercuri chloride...........:00:sc0s0s ses sosusvese serconsas saaven | ERO leneee ee 
53 Gold Chloride... ... ...i.i os sss sae cee sessuneteoesarueavovn cen encoesld] AON ane 


1 See last column on the preceding page. 

2 Must be used in very small quantity only, being an expensive reagent. 

* Sodium hypochlorite (NagCl20), the “ Liquor Sod Chlorinatz”’ of commerce may be 
but does not keep well. 
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THE DETECTION OF METALS. 


gents in store in quantity. The 12-o0z. bottles in which they are contained 


4. 


'roportion by weight of 
solid to water, and 
weight in grams for 
a 12-oz. bottle in 
square brackets. 


sean Strong pure. 


“ “ 


....S8ee (528, 4). 
ws1..8ee (528, 1). 


eases 1:12 [40 grams]. 


ee... 1:100[5 grams]. 
F...--. Solid. 


«1 ; 12 [40 grams]. 


«+ -- SOlid. 
.... Solid, 


Biss ce 1: 20 [380 grams]. 
««.....9ee (528, 2). 
a 1:12 (40 grams]. 
Piven ces 1:12[40 grams]. 
«1 : 20 [80 grams]. 
See 1;30[15 grams]. 


npty by the proportions stated below in column 4. 


5. 


Remarks, 


[The numbers in this column refer to those in brackets in the 
second column. ] 


17. Must be colorless and form no brown ring when poured below 


some FeSO, solution (247). 

18. Strong rectified methylated spirit, which must leave no residue 
on evaporation, and remain clear on dilution. 

19. The solution should be mixed immediately after preparation 
with several drops of carbolic acid to prevent a vegetable growth 


forming in it; or better still some crystallized H,T should be 
dissolved when wanted. 


20. Dissolve 10 grams of H,T in 100 ce.t of water, divide this solu- 
tion into equal parts, exactly neutralize (35) one part by heat- 
ing it nearly to boiling and stirring in solid NagCO3in powder; 
add to this the other part, cool and dilute to 150cc. A few drops 
of carbolic acid should be added to the solution. 

21. Pieces of freshly burnt lime are placed on a plate, and water 
is poured upon them until they begin to appear moist on their 
surface; the superfluous water is then drained off, and as soon 
as the lime has crumbled to powder, the powder is placed in a 
broad-mouthed stoppered bottle. 

22. The bottle should be closed with a loosely fitting india-rubber 
stopper, perforated, and with a glass tube passed through it and 
dipping into the solution; when a drop of the solution is re- 
quired, the upper end of the glass tube is closed by the finger, 
and a drop is delivered from the opposite end by slightly relax- 
ing the pressure of the finger. 

23. The solution must give no precipitate with Sr(NOg3). solution. 

24. This solution must not piel ats on adding AmHO. 


25. A little HA must be added to this solution to make it clear. 

26. Solution of KCy is made (1 : 12); it decomposes so readily that 
the solution is best made immediately before use by heatirg a ; 
small piece of solid KCy with distilled water. 

27. A few drops of Br dissolved by well shaking with water. 

28. Crystals of SnClg should be dissolved by heating them with 
water containing some HCl; the solution should be kept ina 
well-stoppered bottle containing pieces of granulated or block 
tin. 

29. In strips cut from thin copper sheet. 

30. In strips or rods, or granulated; it must be proved to be free 
from As by (181, 182, or 183). 

31. Common knitting-needles broken into short lengths, and kept 
in a bottle containing pieces of quicklime to prevent rusting. 


1 ec, is the contraction for cubic centimeter. See weights and measures (560), 
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526.—REAGENTS FOR GENERAL Us 
Refer to note under 


1, 2. 3. 


Name. 


Reference | (The small numbers in brackets refer to correspond- Formula. 
number. ing numbers in the fifth column.| 


57 Lime-water.............. abs hice cdi-aheah Pane prabs Seaeit Cal HO)o.3. sséissceseseostae 
58 Lead anetats in 1 peitase ).. joneypanbocee ren ehemoeae PbA,+KHO 
59 Potassium dichromate... 
60 Chiorine-talars 0 ul: alot: cea Hive Lid WEN eSa REPS 
61 OPTIC CHYOTIGE (7) sc jcds.asis coats 06s ont sexexsiusseasnicubeaaveyn 
62 Perrotis Sulphate (7 56s: ws. sasece poses can sul scuneene wepoalane 
63 Potasslin iodide... cis ccas eu 
64 PUATCR CP irs cap dials ctivndssaawarane 
65 Indigo solution (*)...... sabese thine 
66 Manganess dioxide i)... .c..cc sas <s5 sasooe sciaes cqeneeunpeenel 
67 _| Potassium dichromate (*)........ssss-0+ 0 coneesane ane ore see 
68 Ether (methylated)... ..:.c0..ccdescsesseassconsenes 
69 Carbon disulphide..... C8, 
70 Potassium nitrite (*9)...........0.00.00- KN Og. 25 sicceencsate enna 
71 Nitrogen tetroxide acloston. ove asap oie sus Souter tance NO, solution .......... 
72 Ammonium molybdate (%).........cvessesess ep esesecsen ves (NH,HMoO, 
73 Calcium Rudldes © ine ee eens BN Cal y.:: sce onoeeee a 
"4 Potassium Gisulphate nd, sccsccccnscossviccseamegueus KHSO,...ssissct ase 
Microcosmic salt, or } (oo Tce 
Hydrie ammoniec sodie phosphate NaAmH PO0,4H20....0 
76 WRX OP RTA. csscxescantns aons sus annohept voulsnentaseaepenray an 
77 Caleiuin chlorides sii scccciazs-sconcvadeseetacninck CaCl, OH,OVerystls). ne 
78 Potassium ChlOride............cc0.00s0eseeeneee Re ceceied 4b) Bee et 
79 MiG DIG isiscccsscesiace cinssescsiadnpdnanceetannaks ¥tky sg eonleeeneateeee On 00 y...c0neuseeeaae 


FeSOg. 7H gO. scr cevssesee 


KeCrgO4..: i..cnv cunt 4 
(CoH5)20 7 


80* Distilled water (*)... beveaeee zispiicevaa eee’ 50 ae 
81 Pure sodium iyavute: , pure soda: jtigee NaHO... Rarer 
82 Fusion mixture (*)... suas uee Nay6 04} KC. 

83 Barium carbonate ()., jis BaCOs3... ve 
84 Solution of sodium acotate in dilute eneite actd (*) NaA+HA.. oe 
85 Sodium nitrate (*) (solid)... star: NaN Qgjisiessss..ueneamneam 
86 Silica, or finely powdered white sini: (Gee 548, 4) BiQg..6ss56s scnenskbs see eee 
87 Hydrofluoric acid (*)... side Seaavuawont Sbeltoobulaeens HF .. eset j 
88 Barium hydrate (in wegen: iseasat ee baa Ba(HO)> B10 nn 3 
89 Zine sulphate.. (See No. TL.) .....0ssussccseciesesaeteuenes Zn804.7H gO... 2.5 ..csst aes 


_ 
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OR THE DETECTION OF ACID-RADICLES. 
the heading of (525). 


wanes 


12-0z. bottle in 
square brackets. 


In pieces as large as a pea. 


5 4, 5. 
Proportion by weight of 
solid to water; and Remarks, 
_ Weight in grams for a [The numbers in this column refer to corresponding numbers 


in the second column.] 


as 0e5e0 (527). 32. To some of the PbAg solution (No. 40) KHO solution is added 
i until, on warming, the precipitate at first formed is just re- 
vesed 1 24 [20 grams]. oie dipped into this liquid is a very delicate test 
hee See (528, 3). 38. The solution should not contain any free acid: to remove acid 
«-....1 : 24 (20 grams]. AmHO is added until the further addition of @ single drop gives 
«-.--.Solid. a reddish-brown precipitate of Fe2HO, in the solution. 

«1 : 60 [8 grams]. 34. FeSO, solution rapidly oxidizes in the air, hence the FeSO, 


should be kept in the solid state as small green crystals, which 


+++. Solid, should not show a yellow coating in any part; these are dis- 
solved when required by crushing and shaking with cold water, 

ARG 35. Starch solution rapidly changes; it is best therefore to keep the 
|... Solid, starch asa powder, Starch solution is made by stirring 2 grams 


of this powder, which has been made into a paste with 10 cc. of 
cold water, into 100 ec. of boiling water and cooling. 


|36. Made by dissolving indigo carmine in water. 


+1 : 24 [20 grams). 37. Should be kept in fine powder; it must not evolve Cl or CO, 


«.»...9ee (528, 5). when warmed with strong H,SQ,. 

38. In small pieces, or in powder. te 
+.+.In powder. 89. The solution is prone to change, and should be made in small 
..+.1n small pieces. quantity only; it must evolve copious red fumes when mixed 


with H.SO,, 


- In smallerystals. | 49. Make the solution with the following proportions: 1 gram of 
...Solid in pieces, 


weed 2 12 [40 grams]. solution is allowed to stand (if necessary) till clear, then poured 
1:12 [40 grams]. off into 25 ce. of strong HNOg; the liquid will become hot, and 


Am,MoQ, is dissolved in 12.5 ce. of strong AmHO which has 
been previously mixed with an equal quantity of water; the 


should be aliowed to stand until it is cool before being used. 


40 a, The HNO solution of this salt must yield no precipitate with AgNOg. 

41. Must leave no residue on evaporation; in separate portions no precipitates must 
be caused by BaCl,, AgNOg, or AmoC.0,, neither must any precipitate or even dark 
coloration be produced by addition of Am,S. 

42. The proportion by weight should be 1: 10 of water; it is best kept in green glass 
bottles, as it slowly dissolves Pb from white flint glass. The solution must not 
become dark in color when mixed with H,S, nor give a gelatinous precipitate 
(Al,Ho,) when mixed with excess of Am(‘l solution. 

43. Dry finely powdered Na,CO; and K,CO, are intimately mixed in the proportion 
of 53: 69 by weight, and kept in a stoppered bottle. 

44. Pure powdered BaCOsg is either pu fehised. or is made by precipitating BaCl, so- 
lution completely with Am,CO, or NagCO ; solution, and washing the precipitate 
well by decantation. This powder is then mixed with distilled water to the con- 
sistency of thin cream. 

45. Dissolve 20 grams of NaA in 60 ce. of distilled water, and add to the solution 
40 ec. of strong HA. 

46. By neutralizing strong hot Na,CO3solution with HNOgand evaporating to dry- 
ness. Sold also as Chili saltpetre. 

47. Purchased and kept in gutta-percha bottles. 


reagents entered apart. 
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PREPARATION OF SATURATED SOLUTIONS. 


By a “saturated solution” is meant a solution containing the maxi- 
mum quantity of the substance which the solvent can dissolve; this 
quantity varies with the temperature of the solution; the solutions 
spoken of in this book are saturated at the ordinary temperature. 


PREPARATION OF SATURATED SOLUTIONS OF SOLIDS. 


527. The method described in (515) may be used, or 
the substance in powder may be constantly shaken up 
with the solvent for some time, and the solution then 
separated from excess of the solid by decantation or filtra- 
tion. ‘The most ready method of preparing a saturated 
solution of Ca(HO),, or of CaSO,, is to pour some of the 
powder into a Winchester quart, then fill it up to the 
shoulder with water, and mix the powder thoroughly 
with the water by shaking the bottle ; the shaking is re- 
peated at intervals during half an hour or more ; the bot- 
tle is then allowed to stand until the excess of powder 
has settled and the liquid above it is quite clear, when 
the liquid is poured off into another “ Winchester,” 
leaving the powder behind; fresh water is poured upon 
this powder and more solution made as above by constant 
shaking, the bottle being allowed to stand by until the 
fresh supply is required. By thus making a fresh stock 
of solution whenever one lot is decanted, time is allowed 
for the freshly prepared solution to become perfectly 
clear before it is required for use. 

1. Lime-water is made in the above manner by shaking 
slaked lime in powder with common tap-water, 

2. Calcium sulphate solution is prepared by saturating 
distilled water by the above means with gypsum or plaster 
of Paris in powder. 


nll 


- quantities at a time, as it gradually decom- 
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PREPARATION OF SATURATED SOLUTIONS OF GASES. 


528. The gas is made to bubble in a constant stream 
from the end of a glass tube which dips nearly to the bot- 
tom of the liquid (Fig. 44) ; the liquid must be kept cold, 
and be contained in a bottle which is fitted with an accu- 
rately ground stopper. In order to ascertain whether 
the solution is saturated, the bubbles of the gas are occa- 
sionally watched to see whether they diminish in size as 
they rise through the liquid ; if they do not, the bottle, 
after being closed tightly by the thumb or by inserting 
the stopper, is violently shaken ; if this causes a pressure 
and escape of gas from the bottle into the air on unclosing 
its mouth, the liquid is saturated; if, on the contrary, it 
causes a pressure of air into the bottle, the gas must be 
passed again for some time, and the trial repeated, until 
on shaking, as directed above, an outward pressure is 
noticed. ; 


_ Note.—All the preparations mentioned below should be made in a 
draught cupboard, as the gases are injurious to the lungs if inhaled. 


1. Sulphuretted hydrogen solution is made by fitting the 
bent tube a 6 (Fig. 44), by means of the india-rubber joint 
ce, upon either of the apparatus described 
in (500) for the preparation of H,S; the 
gas is thus made to bubble through the => 
distilled water (best recently boiled to ex- 
pel air, and cooled) until it is saturated. 
The solution should not be made in large 


Fig. 44, 


poses, depositing sulphur and losing its 
smell; it is then unfit for use. 

2. Sulphurous acid solution is prepared 
by passing sulphur dioxide gas into dis- 
tilled water until it is saturated. The gas is made by 
heating scraps of copper with strong H,SO, in a glass 
flask fitted as is shown in A (Fig. 45). The gas passes 
from the flask through some water contained in a washing- 
bottle as shown at B (Fig. 45), and from this bottle into 
the distilled water (Fig. 44) through the tube a 6, which 
is connected with the outlet tube of the washing-bottle 
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by means of the india-rubber joint c. The nolan must 
be kept in a well-stoppered bottle. 


Fie. 45, 


3. Chlorine-water.—Chlorine gas is made in the ap- 
paratus shown in Fig. 45, by gently heating manganic 
oxide in lumps or powder in the flask A with some 
strong commercial hydrochloric acid, previously mixed 
with a third of its volume of water. The gas bubbles 
through a little water in the washing-bottle B, and thence 
through the bent tube a 6 into the distilled water (Fig. 44). 
This solution must be kept in a dark place, or in a bottle 
which is coated with black paper, as it undergoes altera- 
tion by light. 

4. EHydrofluosilicie acid is made by passing silicon 
fluoride gas into water. The gas is prepared in a flask 
fitted as shown in A, Fig. 45. Into this 
flask there is first poured an intimate mix- 
ture of 50 grams of dry, pure, finely pow-_ 
dered fluor-spar with 50 grams of fine 
white sand; 300 grams of strong H,SO, 
..| are then poured into the flask through the 

| funnel-tube, and the acid is mixed with the 
| powder by shaking it round in the flask ; the 
gas is caused to be evolved by gently heating 
the flask, and is made to pass first through 
the bottle B (Fig. 45), which must be empty 
and dry inside; thence it escapes through a 
bent tube a 6 (Fig. 46), which is fitted upon 
the outlet tube of B by an india-rubber joint; the end of 


Fie, 46. 
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the tube, a 6, is made to dip into mercury contained in a 
small beaker d (Fig. 46), which stands in a large beaker 
containing 400 ce. of water. As soon as the silicon 
fluoride gas comes into the water, after escaping from the 
mercury, it is decomposed into hydrofluosilicic acid, which 
dissolves in the water, and silica, which remains suspended 
in the water as a gelatinous mass; the silica very soon 
closes the end of the delivery-tube a 6 unless it is kept 
immersed in the mercury. As the current of gas slackens, 
the heat is raised, until white fumes of H,SO, begin to 
appear in the preparation-flask; the process is then 
arrested and the gelatinous silica is separated from the 
solution by squeezing the latter through fine muslin and 
afterwards filtering it if not quite clear. The silica may 
be dried, heated strongly in a porcelain dish, and put by 
in a stoppered bottle as reagent No. 86 (526), for which 
it serves admirably. 

5. Nitrogen-tetroxide Solution.—Lead nitrate in dry 
pieces is heated in a test-tube fitted with cork and delivery- 
tube (Fig. 47), and 
the red fumes which es- 
cape are passed into di- 
lute H,SO,. Care must 
be taken to maintain 
the heat uniformly after 
the fumes begin to be 
evolved, else the liquid 
may be sucked back into 
the hot tube by the con- 
traction of the gas on 
cooling; also the de- _ ‘el 
livery-tube must be removed from the liquid as soon as 
the heating is stopped. 


Fic. 47, 


334 SOLUTIONS FOR THE REACTIONS [529. 


529. SOLUTIONS FOR THE 


Note.—Fach bottle should bear on its label the number, name, and formula 
the solutions, containing the powdered solid of each of those substances — 
on their label the name, . number, and formula of the substance. 


1 a 3. 
Reference Name. Formula. 
number. 


[The numbers in brackets refer to similarly 
numbered remarks in the last column. ] 


100.8. Potassitim chloriGe cc. 5555:: <p: «n> sapiset ernesanse thobew eRe ee 

101.s, Ammonium chloride ........... «| AmCl 

102.8, Sodium chloride............. «| NaCl 

103.s. Magnesium sulphate...... ' MgS0,.7H. 

104. Barium chloride.......... Bath, 2H 

105, Strontium nitrate... Sr(NO3)o.4H20 

106. eerie chloride...... «| CaCly.6H,O 
um, or 

107.8 { ideale dbaaniais sulphate Jovem AIK(SO,)y 12120 

108.s. Ferrie chloride (a)'...... ste FeoClsg 

109.s. ee pie log Fase ty cat FeS0,.7H,0 
1rome alum, or 

110.s. Chromium potassium sulphate me bien Ory: CrK(SO4)q.12H,0 

choi 4 Zinc sulphate... Ne ZnSO, 7H,0 

112.s. Manganese chloride (a) MnCl, 

113.3. Nickel sulphate. Niso, 7H,0 

114.8. Cobalt nitrate... Co(NOs3)9.6H,O 

115.s. Mercurie chloride... HegCl, 

116s. Lead acetate (*9)... PbA».3H,0 

117.s. Bismuth nitrate ()..., Bi(NOg)5.5 0 

118.s. Copper sulphate (q@)... CuSO, 6H20 

119.s. sg tips (a seaecawess aoante CdS04.4H,0 
rsenious oxide (a) (*") 

120.8. Solution in dilute HCl t As203 

120 Arsenious oxide (a) ce 

: Solution in water... 

121.8. Sodium arsenate... Na,H As04.12H,0 

122.8. Antimonious chloride (@P. Ig 

123.s. Stannous chloride Wie Sus Anas ee coterie 

124. Stannie chloride (*)... SnCl, 

125. Silver nitrate.. RaRCae sen RRTISOR A gNOs 

126. Mercurous nitrate (*)... seshumechep ass Sou Gteeapeeee Heo NOs)o. HO 


' a signifies that the solid substance is not 
® Solid Sb,O, or K(SbO)T (Tartar emetic) 
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Reactions or THE MEtats. 


‘of the substance. Small 4-ounce wide-mouthed bottles should be kept near 
‘whose number has a small (s) affixed to it; these bottles should also carry 


4, 5. 6. 


Weight of solid in Proportion Remarks. 
‘ams to be dissolved in| by weight of| 
one “ Winchester.” solidto |[These numbers correspond to the small reference 
numbers in brackets in the second column. ]: 


48. The solution must be made acid with a little 
H,SO,, and some clean iron nails kept in it, or 
better, a small quantity is freshly prepared 
when required (p. 329, 34, col. 5). 


. A little HA must be added to this solution to 
make it clear, 7 

. 25 grams of Bi(NOg)s must be dissolved by heat- 
ing with 25 cc. of strong HCl diluted with 25 
of water; this solution is cooled and poured 
into the bottle, and the measure made up by 
pouring in dilute HCl containing one-twen- 
tieth of its volume of strong H(1. 

. Dissolve 10 grams of AsgOs by heating it with 
50 cc. of strong HCl mixed with 50 cc. of water, 
and dilute to the Winchester quart. 

. Boil excess of AsoOg for several minutes with 
200 ce. of water, filter and dilute tothe quart.? 

. 28 grains of crystallized SbCl are dissolved in 
25 ec. of strong HCl mixed with 25 ce. of water, 
and diluted to the quart® with HCl mixed 
with four times its measure of water. 

. Boil 25 grams of SnClp with 50 cc. of strong 
HCl mixed with 50 cc. of water; as soon as it 
has dissolved to a clear solution dilute to the 
quart.® seraps of Sn must be kept in the|- 
bottle. 

. Heat 25 grams of SnCle with- 25 ce. of strong 
HCl and 100 ce. of water; whilst constantly 
stirring, add KC10g, to the hot solution until 
the liquid turns yellow and Cl is smelt, boil 
off the Cl and dilute to the quart.® 

. Dissolve by warming 25 grams of Hgo(NOg)> 
with 6 cc. of strong HNOg diluted with 114 
ec. of water, then pour water into this solu- 
tion until it is diluted toa quart2 Keep Hg 
in the bottom of the bottle. 


as 
a 
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in the crystalline condition. 
‘may be used for the blowpipe reaction. 8 Winchester quart. 
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530. SoLUTIONS FOR THE 


Note.—Refer to note at the head of the preceding table (529), which is — 
pared amongst the reagents (424, 525, 526), and the solutions for reactions 


1. 2. 3. 
Reference Name. 4 
Number. |[The small numbers in brackets refer to the corre- Formula. 


sponding numbers in the sixth column.] 


130 Sodium sulphate... REE RE Pyrat Na,S0O,.10H,O 
181s Sodium carbonate (a) Seas job sea ssBaisepieons NaoCOg 

: Marble (calcium ear rhonate) we CaCO; 
132.8 Ferrous sulphide (*).. Fes 

ae Ammonium sulphide ).. Am,S 
133.8. Acid sodium sulphite... NaHSOg, 
134. Sodium hyposulphite....... NagS003.5H20 
135. Sodium hypochlorite (*) NaoCleO 
136.8, Potassium nitrite (a). Kin Og 
137.s, Potassium. nitrate... KNO 
138.s. Potassium cblorate.... KCIO3 
139.s. Sodium chloride ()... 5 er ehsateiod HN at oie NaCl 
140.s. Bodium brome sick, sashecvastee sn aoe esas sev corps rae Nabr 
141.s, Potassium cate m abe KL 
142. Sodium phosphate... Na,HPO, 12H,0 
143. Sodium arsenate (8) .., Na,HAs0,y.12H,0 
144.8, Borax (*).... NayB,O7.10H,0 
145. Potassium bichromate.... KeCryg0q 
146 SOM NM SLVNORS (02).cis Se cceaeciercactossavduawernenbscaseeteke NaeSiVg 

iz Hilica Cwhite-sand)..x css tis hse vehedtoneeceeene Si0, 
147.8. Fluor-spar (calcium fluoride) CaF, 
148. Hydrofluosilicic acid (%)........... H,SiF, 
149.s, Potassium cyanide (®)............ 2.06. KCy 
150. Potasstum forrocyanldessy .cicchs.csoe cts og docvesesenssyns K,FeCy¢.8H20 
151. Potassium ferricyanide... sc. lise sasiand scene devuncadanvs KgFeoCy a9 
152. Potassium sulphocyanide...........seseeees yovea KOysS 
153.s. AmMMmonhiM OS AlAEA(®) 367 saciscsssncokes sesmcbantaboee ee Am gC 2049.2 H2O 

ea SOL {Sy ves coussaven canseanhsgnveursey beteveuye wumthe HeT 
154.8, at 
Sodium tartrate (®)......... Nagl.2H.O 


155.s. Sodium acetate ()....... NaA.3H,0 
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) REACTIONS OF THE ACID-RADICLES. 
also applicable to this. Many of the solutions in this list are already pre- 
for metals (529). 


4, 5. 6. 
Weight of solid in grams! Proportion Remarks, 
to be dissolved in one |by weight of| [The numbers correspond to the small reference 
Winchester quart solid to numbers in brackets in the second column. ] 
water, 
25 1: 100 157. The NaCOg is required only in the solid form, 


and can be taken from the reagent bottle on 
the working bench, No. 18 (524). 

The marble is kept in small pieces as large 
as a pea; it is found in reagent bottle No. 79 


100 Ee 25 (526). 

100 1: 25 (58. The FeSis kept as a solid in small pieces as 
large as a pea. 

100 key 26 The Am,S can be taken from reagent bottle 

100 1: 25 No. 7, on the working bench. 

50 1: 50 (59. Strong “Liquor Sodz Chlorinate,” diluted 

50 1: 50 with an equal measure of water. 

50 1: 50 |60. No. 102, paragraph 529. 

12 1: 200 |61. No. 121, paragraph 529. 

50 1: 50 (|62. No. 19, paragraph 524. 

50 1: 50 |63, The solution is made by dissolving 100 grams 
of the thick pute sold as “soluble glass,” 

25 1: 100 in water, and diluting to the Winchester 


uart. The solid substance to be used is sand 


q 
finely ground. 
64, No. 35, paragraph 525. 
65. No. 42, paragraph 525. The solution decom- 


50 1: 50 poses by keeping; a little solid is dissolved 
25 1: 100 when required. 

25 1: 100 /|66. No.9, paragraph 524. 

25 1: 100 (67. No. 30, paragraph 525. 

100 : 5 25/68, 123 grams of HgT are dissolved by heat in 500 


10 ce. of water, the hot solution is exactly neu- 
tralized with solid NagCOg, and then diluted 
to a Winchester quart. 

69. A little of the solid substance (see No. 41, 525) 
is dissolved, when required, in water. 
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531. CHEMICALS REQUIRED FOR Section I. 


In the following list those substances which are used 
for Section I only are marked by letters of the alphabet. 
The bottles containing these substances should be arranged 
apart in alphabetical order. Against others a number is 
placed ; this indicates that the substance is used for ana- 
lytical purposes, and will therefore be found, together 
with any necessary descriptive remarks, in one of the 
foregoing lists (524, 525, 526, 529, 530). 


Note.—A1l numbers below 22 refer to bottles standing on the shelves 
above the working bench. If a substance is required for more than 
one experiment, its entry is not repeated. 


Letter or 
Flow seed Name. . Formula. Remarks. 

ence. 

A. Mercuric oxide, .  . Hg0. The -orange-colored precipitated 
oxide is best. ‘ 

20. Potassium chlorate, : KCIO3. 

B. Manganese dioxide, . MnO... Commercial oxide in powder. 

C. Wood-chareoal, . ‘ Cc. In pieces as large as a hazelnut. 

57. Lime-water, . F Ca(HO)s. ‘ 

D. Suiphar, 5 Ss Pasian 5. Pieces of roll sulphur as large as a} 
pea. 

21 Litmus and turmeric re 

5 papers, ° 

59. Potassium dichromate, . KeCre04. 

E. Phosphorus, 2% 6.91% Lal Pieces as large as half a pea, 
kept in a stoppered bottle under 
water. 

F, Granulated zine, . ; Zn. Not necessarily pure. 

oe Hydrochloric yom . HCl. Strong, commercial. 

a. Marble, . : ‘ are In pieces not larger than a hazelnut. | 

ua Copper, . . Turnings, clippings, or filings. 

Ji Nitric acid, . ° HNOp. Strong, commercial, ) 

K. Ammonium chloride, 3 NH,Cl. Solid, commercial. 

82. Slaked lime, . . . Ca(HO),. 

L. Oxalic acid, : . . | HeCoO, 2H40. | Solid, in crystals. 

M. Sulphuric acid, 7 ; HesO,. Strong, commercial. 

N. Sodium hydrate, . ° NaHlo. Strong solution in water. . 

O. “Purkey red,” ; . _ In strips. 

Pi Sodium chloride, .. NaCl. In pieces as large as a hazelnut | _ 
broken from a lump of rock-salt, | — 

3. INGUHe MOI) 5 [Seek wi 78g HNOs. . 

48. Silver nitrate, . F AgNOsg. 

6. Ammonium hydrate, . NH,HO. | 

uo: Ammonium oxalate, . | (NHgeCg0.. 

ts Barium chloride, pals Bale 

I. Ammonium sulphide, . (NH, 38. 

39. KNOs. 


Potassium nitrate, . . 


: 
4 
: 


rs. eee 
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532. CHEMICALS REQUIRED FOR THE EXPERIMENTS 
oN ANALYTICAL OPERATIONS (Section ITI). 


All the substances, with those exceptions' only which 
are named in this list, are required either for analytical 
purposes (see lists in paragraphs 524, 525, 526, 529, 
530), where they may be found by the number placed in 
the first column; or they are already entered on the list 
of substances required for experiments on the gases (531), 
where they may be found by the reference letter in the 
first column. A letter (s) affixed to the number of refer- 
ence indicates that the substance is required in the solid 


‘condition ; see note at heading of (529). 


Number or 
letter of Name. Formula. 
reference, | 
39. PORASSi OM DICTAGG 82a oocc con ces eee coves KNO; 
118.s Copper Sulphate .......c.b..0000005 CuSO,4.6H,0 
79. Moarblesocs.. cin: CaCOg 
2. Hydrochloric acid HCL 
45. Copper........ Cu 
3. Wittice acidz.<. .. HNO, 
17. Barium chloride BaClo.2H20 
8 Ammonium carbo Am»COg 
161." Filter-paper............+ In sheet, or cut. 
5. Sulphuric acid ............... oan H,SO, 
A. NREBOHEUIGN PSIG ic nicvessiascaceuas conaccca. coe HgO 
2 Ammonium chloride... cc... ceecee ee NH,Cl 
100.s POCASSHU ME: CHIOTICG 65.5. vecoc cos ccssaze ves KCl 
18. Soditims Carbonate... 2.06. ccc ccccevceecee NasCO3 
112.s Manganese chloride................c0seeee MnCly 
19 NESE Se fa siece cists ca ceuisae date ta aaa vou sescsueo see NayB,0O,x 
62.8. HPGBYOUS SUE PIATO inc; coccascs ssn cscs vevsee FeSO,4.7H,0 
102. PIMINCY CIOTIGG Joos sic0i seis csecevesss seoces Cl 
160.t WWM CRELECO A «concn ccs dasaviacs see cox tee soaned 
116.8 BGA AECUALG cs or siinuge Nasisvaole tases cuecue PbA,3H,O 
= Red cabbage leaves ... 0. ..0.c0ssescceseesee —- 
6. Ammonium hydrate ........... ..cesee eee NH,HO 
5. Ammonium chloride... ......... cece eee NH,Cl 
214 MAU DNOSM ADORE cccissiaeadsy ave .s0 vévdes ceadesiece _—_— 
. SP IRBIEBEIC-NADOD o00 {25 cs cdevicedccsssacs'soeves 


' The exceptions are Nos. 160 and 161, which numbers refer to 
paragraph 533; also the red cabbage leaves, which are readily ob- 
tainable. 
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533. SUNDRY OTHER REQUISITES NOT INCLUDED IN 
THE PRECEDING LISTS. 


Reference 


aiibor: Name and description. 


160. Wood-charcoal.—This may be purchased in small pieces 
commonly used for fuel. If required for blowpipe 
experiments (33), the charcoal should be tolerably 
free from cracks and from bark. It may be sawn into 
convenient shape and size by a fine-toothed saw. 

161. Filter-paper may be bought in sheets which are cut into | _ 
squares of the required size; these are folded and 
cut as directed in experiment 40 (p. 61). Ready cut 
circular filters can also be purchased, which only 
require to be folded. 

162. Corks.—These should be obtained as free as possible 
from holes or cracks; they must be sound and easily 
softened by pressure. All sizes between 13 inch and 
3 inch in diameter should be kept in stock. For 
wash-bottles and other permanently fitted apparatus 
in which the cork is not subjected to much heating, 
the india-rubber stoppers are much to be preferred to 
corks, since they are almost imperishable and retain 
their elasticity very much longer than corks do. 
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SUBSTANCES TO BE GIVEN FOR ANALYSIS 
BY THE PRECEDING TABLES AND DIREC- 
TIONS. 


534. It must be understood that the substances men- 
tioned below are merely brought forward as examples of 
what may be given to the student for analysis; the teacher 
will use his own judgment in adopting and extending 
the list. 


535. SUBSTANCES FoR ANALYSIS WHILST TRYING 
THOUGH THE REACTIONS FOR METALS AND ACID- 
RADICLES. 


If the student, after working through the reactions for 
each of the metallic groups, intends to analy ze substances 
containing one member only, or any two or more mem- 
bers, of that group, it is a good plan to analyze first a 
few substances containing only one member and to grad- 
ually increase the number present in those subsequently 
given. It is well to keep these substances in the dis- 
solved state’ as a rule, as they are intended mainly to 
afford practice in separation and detection according to 
the group tables, and the time spent by the student in 
preparing the solution is therefore wasted. Occasionally, 
however, a solid substance may be given in which the 
metal or acid-radicle present is to be detected by blow- 
pipe tests or other tests made on the solid substance. 

As examples of the substances to be given, in the order 
best suited to the gradual advance in difficulty, the fol- 
lowing, selected for Groups V, IV, and III 8, will serve: 


Group v, Group : dg Group IIIb. 
: Solution of NaCl Solution of BaClo. 2H.0 Solution of ZnSO,.7H,O 
“ Sr(NOg)o 4H20 bi “ MnCl, 
be se Ket % “ CaClo.6H3O o “ NiSO,7H20 
e “ NaCl + KCl © “ Sr(NOg)o.4H2O 4g “ Co(NOs3)2.6H20 
be “ NaCl + NH.Cl+ + CaClg.6H,0 re “ MnClo + ZnSO4.7H,0 
KCl 4 “ BaCh.2H.O + : * Co(NO ),6H,0 + 
° “ NaCl + NH,Cl Sr(NO3\9.4H,O NiSO,.7H.0 + 
“ MgSO, 7H.O + + CaCly.6H,0 ZnSO,.7H,O 
NaCl + KCl § © BaCly.2H,0 + etc., etc., ete. 
Sr(NO3)o.4H20 
Solids: NaCl, NH,C!, KCl, Solids: MnClq, NiSO, 7H,0, 
AmCli + NaCl, ete. Co(NOs3)o.6H,0. 
ZnSO,.7H,0, ete. 


' The solutions already made for the reactions (529, 530) will serve 
very well for this purpose, being given either singly or mixed. 
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536. Substances are given to be tested for the members 
of an acid-radicle group in the same order (535), the first 
substances containing one member only, those subse- 
quently given containing two or more members of the 
group. 


537. SUBSTANCES .FOR ANALYSIS BY THE DIREC- 
TIONS CONTAINED IN SECTION Y. 


Any one of the solutions named in paragraphs 529 
and 530 may be given for analysis by Section V, some 
of them being neutral, some acid, and others alkaline in 
reaction. The following more difficult solutions with 
acid or alkaline reaction may also be added to the list: 


Acid. Alkaline. 


Cag(PO,4)o, “‘ Bone-ash” dissolved in | KSbO, dissolved in water. 


dilute HCl. Na.SiOsg, solution of “ soluble glass.” 
BaC,0, dissolved in dilute HCl. NaySnOsg, “ preparing salt ” of the dyer. 
Mg(BOy)o2 “* “HCI. 
BaCrO, oy ee” PCs 


Any of the solid salts which were dissolyed in order 
to prepare the solutions in paragraphs 529 and 530, may 
be given for analysis as solid substances by (331 et seq.). 

As examples of substances possessing metallic appear- 
ance (366), the following may be mentioned as suitable 
for analysis : 


Zn, in pieces or filings. NiAs, Kupfernickel. 
Pb - e Graphite, or Black lead. 
FeS., Iron Pyrites. Tron filings. 


As insoluble substances which require to be examined 
by (367 et seq.), the following may be given for analysis : 


BaSO,. ; CaF, Fluor spar. 

PbSO,. FeCr.0,, Chrome Iron Ore. 

AgCl. ~ §, as pieces of roll sulphur. 

SnOs, Tinstone, C, as powdered wood-charcoal or plumbago. 


See footnote on page 341. 
* Made by mixing hot solutions of Na,B,O7 and Mg(NO,)s. 


ee 
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538. Sotip SUBSTANCES TO BE ANALYZED BY THE 
PRELIMINARY EXAMINATIONS. 


For the Preliminary Examination for Metals (387) : 


Simple. Complex. 


PO(NOa): Zn$0.7H20 AmCl + NaCl A1K(SO,)o.12HO 


MnClo HegClo+ Bat 19.2H,0 | SnOq + Sr( NO3)o.4H20 
Bac: OH,0 Co(NOsg)o. 6H,0 MnClo+ KCl CaCO3-+ erat THO 
Brien 4H,0 | NiSO,7H.O NiSO,.7H,0 + ores + a Cla+ 
CuSO,.6H,0 SnO2 ZnSO,.7H,0 NaC 
(See mare ) 


Note——Best finely powdered, since its color is then almost de- 
stroyed. 


For the Preliminary Examination for Acid-radicles 
(410) : 


Simple. Complex. 
CaCOg FeS NaoS,03.5H,0 CaCO; + KNOg 
Na.SO3.7H20 KNO, KBr CaClO + CaF, 
CaCl,O KC103 NaA Na.CO,z + KI 
NaCl aS ea : 


A few of the above-mentioned solids may then be ex- 
amined by both preliminary examinations for both metals 
and acid-radicles. 


539. SUBSTANCES TO BE ANALYZED BY THE GEN- 
ERAL CourRsE (380 et seq.). 


The following lists are so arranged that the analysis of 
the substances contained in them is more difficult in each 
column proceeding from left to right, and usually also in 
proceeding in one and the same column from top to bot- 
tom. For examples of alkaline solutions, see (537) : 
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[539. 


SuBSTANCES FoR ANALYSIS BY THE GENERAL COURSE. 


1 


Simple soluble 


substances. 


BaCls.2H,O0 
MnCle 
HgCl, 
MgS0,.7H,0 
KCl 
NiSO,.7H,O 
1CaCOg 
PbL(NOs)o 
TASoOg 
FeoCl, 
NH,Cl 
NaCl 

etc., etc. 


4 


Substances yielding a 
phosphate precipitate’ 
in Group III. 


2. 


Complex soluble substances, 


CaClo.6H,0 + BaCle.2H,0 + Sr(NOg)o.4H,0 
AIK(S04)9.12H,0 + CrK(S0,)o.12H,0 
MnCl, + ZnSO4.7H,0 + CuSO,.6H,0 


Pb(NOs)q + HgClo+ NaCl 
1AsoOs + CaCOg3 + BaCOg 
*ZnO + MgCO,+ KC1O0, 
1MgCOx3 + BaCO, + PbCOg 
etc., ete. 


5. 


Substances partly or 
entirely insoluble. 


CaClo.6H,0 BaSO, 

FesCl, SiO, +8 

NagH PO,.12H,0 BaSO,+ Cal’,+ Sn0O, 
BaClo.2H,0 BaClo.2H.0 
MgCie AIK(S04)0.12H30 
FeCl, AgNOs 

Na, PO,412H,0 

SiO. 
Co(NOg)o.6H20 Ss 
CaClo.6 1,0 C 
MnCl 
CrK(S0,)o.12H,0 | PbSO,+BaSO, 
NagHPQ412H20 | ppCrO,, ignited. 
ete., etc. 


eee 


Complex soluble 
substances. 


Fe,Cl 
MnOly 


KCl 


AsO 
{ir (SO,)o12Hy 
Co(N Og .6Hs0 


2 


Bean Os)o.H00 
Sr(NO3)o.4H 
#t org 20 
Bi(NOg)3.5 H,0 i 
etc., etc. 


Metallic substances (467 et seq.). 
Iron pr rites (FeS.) 

Iron filings (Fe) 

Zine clippings (Zn) 

Brass filings (Cu + Zn) 
German silver (Cu + Zn+Ni) 
Bronze (Cu+Sn) 

Type metal (Sb+Sn + Pb) 


Silicates (480). 
Fire-clay (Al,03.2Si02) 
Brown clay (do. + Fe) 
Window glass (Na, Ca, SiO.) 
Flint glass (Pb, K, SiQg) 


Cyanogen Compounds (482). 

Any of the foregoing which 
has been mixed with KCy, 
KCyS, KyFeCy,.3H,0, 
KgFeoCyia, KgCooCy ia 


1 To be given in the solid state. 
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Are UN DIX. I. 


REACTIONS FOR THE RARER ELEMENTS. 


Tis Appendix contains some of the most important 
reactions for many of the rarer elements. The arrange- 
ment here used is that adopted in Section IV, those 
elements being placed together which are precipitated in 
the same analytical group; the groups, however, are 
arranged in the order in which they occur in the general 
table. A scheme for the detection of these elements 
follows (553), showing in which group they are precipi- 
tated in the general table, and by which reactions they 
will be most readily found. ~ 


GROUP I—SILVER GROUP. 


In this groupare included Tl and Wo; the former is partially 
precipitated as chloride. by HCl, the latter completely as 
tungstic acid. 

Thallium is only partially precipitated in Group I since its 
chloride is not quite insoluble in water; it belongs also 
to Group IIIB, being entirely precipitated by Am,S. 


540. TuHaruivm (T1).—Use TI,SO, solution. 


Tl occurs in small quantity in many natural sulphides, 
often also in the ashes of plants and in mineral waters. 
Tl yields both thallic and thallious salts, but the former 
are very unstable, changing even when their solutions are 
heated into thallious salts. 
HCl: a white precipitate which rapidly settles, does not blacken 
in the light, and is soluble in aqua regia. It is soluble in 
a large quantity of water, and therefore does not form in 
dilute solutions. 


29 
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KT: a yellow precipitate ; almost insoluble in water, more soluble : 
in KI solution. In a solution containing Fe, any ferric salt 
must first be reduced by H,SO, before adding K1. . 

PtCl,: orange-red precipitate, slightly soluble in water. 

Am,S: black precipitate, which is easily coagulated by heat, is 
insoluble in AmHO, alkaline sulphides, and in KCy; it is 
readily oxidized by the air to T1,SO,, and is easily soluble 
in mineral acids. T! is entirely precipitated by H,S from a 
solution in which HA is the only free acid present, but free 
mineral acids prevent the precipitation entirely. . 

Flame Coloration.—Thallium compounds impart to the Bunsen | 
flame an intense green color, which, however, rapidly disap- 
pears. The spectrum (p. 361) is very characteristic, con- . 
sisting of one bright emerald-green line. Thallium may be | 
easily detected by the spectroscope in solution, or better in | 
any of its precipitates mentioned above. 


541. TuncstatTEs.—Use Na,WoQ, solution. 


Wo usually occurs in the form of a tungstate. The insol- 
uble tungstates yield soluble alkaline tungstates on being 
fused with alkaline carbonates. From a solution of 
alkaline tungstate HCl precipitates the tungstic acid en- 
tirely. 

HTCl, HNOs, or H,SO,: white precipitate (H,Wo00,), becoming 
yellow on boiling; insoluble in excess of acid, but soluble in 
AmHO. A piece of Zn dropped into the acid liquid con- 
taining the precipitate yields a deep-blue color. 

SnCl, in neutral solution, made by dissolving SnCl, erystals in 
water and filtering: yellow precipitate becoming blue on ad- 
dition of HCl and heating. 

Am.§S yields no precipitate in a solution of alkaline tungstate ; 
but if, after adding Am,S, the liquid is made acid with HCl, 
brown WS, is precipitated. 


Microcosmic bead : 
In outer flame—Colorless or yellow. 
In inner flame—Blue ; if a little FeSO, is fused into the 
bead the color changes to blood-red. These colors are 
best seen when the bead is perfectly cold. 


GROUP IT a.—COPPER GROUP. 


In this group are included Pd (Os, Rh, Ru); they are pre- 
cipitated as sulphides by H.S from acid solutions, and the 
sulphides are insoluble in Am,§, and in caustic alkali so- 
lution. 
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542. PaLtuApium (Pd).—Use PdCl, solution. 


Pd occurs as a metal in native platinum, also in gold and 
silver. Palladium solutions are reddish-brown, or yel- 
low if dilute; addition of water precipitates a basic salt, 
unless sufficient free acid is present to prevent it. 

HS: black precipitate, in neutral, alkaline, and acid solutions ; 
insoluble in Am», but soluble in boiling HCl or in aqua 
regia, 

AmHO: flesh-colored precipitate (PdCl,.2NH;); soluble in 

: excess of AmHO to a colorless liquid, from which HCl 
precipitates yellow crystalline paladammonium-chloride 
(N,H,Pd’/Cl,). 

HgCy,: yellowish-white gelatinous precipitate (PdCy,), slightly 
soluble in HCl, easily soluble in AmHO. Very character- 
istic reaction. 

KI: black precipitate (PdI,). Very characteristic. 


GROUP II s.—ARSENIC GROUP. 
In this group are included Mo, Se, Te (Ir). 


543. Mornyspates (Mo).—Use Am,MoQ, solution. 


Mo occurs as molybdate; also as sulphide which may be 
readily converted into MoO by ignition in the air or by 
heating with HNO,. Unignited MoO, dissolves in acids ; 
ignited MoOs is insoluble in acids, but easily soluble in 
alkalies. 

HCl, HNO, or H,SO, added in small quantity to an aqueous 
solution of a molybdate, yields a precipitate which is read- 
ily soluble in excess of the acid. 

#,S added in very small quantity to the acidified solution, gives 
a blue liquid, in larger quantities a brown precipitate (MoS8s) ; 
the precipitation becomes complete only when the solution 
is heated and H,S passed for some time ; the precipitate is 
soluble in solutions of alkaline sulphides and hydrates, from 
which it is reprecipitated by acid added in excess. 

Zn or SnClg, added to a solution of a molybdate in HCl, colors 
it brown, green, or blue, according to its state of concentra- 


tion. 

KCyS, added to a solution acidified with HCl, gives no color- 
ation; but on dropping in a piece of Zn a beautiful crimson 
color is produced, which, when the liquid is shaken with 
ether, is taken up by the ether. 

Na,HPO, added in very small quantity to a solution of a molyb- 
date, acidified with HNO,, gives, on gently warming the 
liquid, a yellow precipitate readily soluble in excess of 
alkali-hydrate solution. 


fall 


Borax bead : outer flame, yellow ; inner, dark brown. 
Microcosmic bead : outer and inner flames, green. 
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544, Se_entum (Se).—Use a metallic selenide, an alkaline selen- 
ite and selenate. 

Se occurs as metallic selenides, e. g., of Fe, Cu, Ag. A sel- 
enide heated in an open tube evolves a smelt of decaying 
horseradish, and produces a gray or red sublimate of Se ; 
the smell is very characteristic. 


a. Selenites : 

HS gives in acid solutions, if cold a gellow, if hot a red- 
dish-yellow, precipitate ; soluble in Am,S, 

BaCl, in neutral solutions a white precipitate ; soluble in 
HCl or HNOg. ; 

SnCl, or H,SO, gives in the presence of free HCla red, or 
in warm solutions a gray precipitate of Se. 

Cu in a hot HCl solution becomes covered with a black 
film; the liquid on standing with the Cu for some 
time becomes colored red with Se. 


6. Selenates : 

HCl produces no change in the cold; but on boiling, Cl 
is given offand the selenate is reduced to selenite, to 
which the above tests under (a) may be applied. 

BaCl,: a white precipitate (BaSeQs) ; ‘ndohable in cold 
HCl, dissolved by boiling with HCl with evolution 
of Cl and reduction to BaSeOg. 


c. Selenium in any form of combination is detected by the fol- 
lowing reactions : 

Heated on charcoal in the inner blowpipe flame a smell 
of rotten horseradish is perceived. 

Fused on charcoal with NagOO, in the inner blowpipe 
flame, a fused mass is obtained, which when moist- 
ened on Ag yields a black stain, and on addition of 
HCl evolves H,Se, a badly smelling gas. 


545, TreLturtum (Te).—Use a metallic telluride, an alkaline tel- 
lurite and tellurate. 
Te occurs united with metals, e. g., Au, Ag, Bi, Cu, Pb. 
A telluride heated in an open glass tube gives white fumes 
and a sublimate which differs from that given by Sb, by 
being fusible before the blowpipe. 


a. Tellurites: 


HO: on dilution with water tellurous acid is precipitated 
from the acid solution. 

H,S: in acid solutions a brown precipitate (TeS,) ; easily 
soluble in Am2S. 

I,SO3, SnCl,, or Zn precipitates black Te. 
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b. Tellurates—HCl produces no change in the cold; but on 
boiling, Cl is evolved and the tellurate is reduced tel- 
lurite; the solution then gives the above reactions 
under (a). 


ec. Tellurium in any form of combination, if fused with NagCOs 
on charcoal in the inner blowpipe flame, gives sodium 
telluride ; a solution of which gives a black stain on Ag, 
and on being acidified deposits black Te and evolves 
H,Te. 


GROUP III.—IRON AND ZINC GROUPS. 


In this Group are included U, In, Ti, Be, Tl [V], (Zr, Ce, Ta, 
Nb, La, Di, Y, E, Th). 


Tl is often partially precipitated as chloride in Group I, and its 
reactions are given under that group. V is not precipitated 
by Am,S unless acid is added in excess after Am,S. 

546. Uranium (U).—Use (UO,)’’(NOs3)o. 

U occurs in nature principally as pitchblende (oxide), also as 
uranite (a hydrated uranium-calcium phosphate) and 
chaleolite (hydrated uranium-copper phosphate). 

AmHO, KHO, or NaHO: yellow precipitate insoluble in excess. 

Am.,§S gives in neutral solutions a dingy-yellow or brown precipi- 
tate of uranium oxysulphide, which is soluble in Am,CO, 
(diff. from ZnS, Mn, Fes, ete.). The precipitate set- 
tles slowly unless AmCl is added; it is soluble in acids, 
even in HA; on being heated with Am,S in excess it is 
changed into uranious oxide and sulphur. 

HS produces no precipitate in acid solutions. 

Am,C0;, KHCO;, or NaHCO;: yellow precipitate easily solu- 
ble in excess ; from this solution the uranium is reprecipitated 
by addition of NaHO or KHO, or by boiling (diff. from Fe). 

K,FeCy, gives in acid solutions a reddish-brown precipitate, 
which is distinguished from the similar one produced in a 
a solution by dissolving in excess of AmHO to a yellow 

uid. 

BaCO;: complete precipitation even in the cold. 

Zn changes the yellow color of acid solutions to green. 


Borax and Microcosmic beads: 
Outer flame yellow ; inner flame, green. 


547. InpruM (In). 


Alkali-hydrates precipitate a hydrate resembling Al,Hog, itisolu- 
ble in excess. Indium solutions are also precipitated by 
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alkaline carbonates, by Na,HPO,, by boiling their neutral 
solution with NaA, by BaCOg, and by alkaline oxalates. 

HS gives no precipitate in strong acid solutions; in dilute and 
feebly acid solutions a little sulphide separates; in a solu- 
tion containing no free acid but HA the metal is entirely 
precipitated as yellow sulphide ; the precipitate is insoluble 
in cold, soluble in boiling Am,S; from the boiling solution 
white sulphide separates on cooling. 

Am,S, added after H,T and excess of AmHO, gives a white pre- 
cipitate, becoming yellow on treatment with HA. 

Flame coloration: bluish-violet. The spectrum shows two very 
characteristic blue lines, which are brilliant, but very rapidly 
disappear when the chloride is employed; see p. 361. 


548. BeryLuium (Be).—Occurs as silicate in phenakite, and as 
silicate with Al-silicate in beryl and emerald. 


Am,S, AmHO, KHO, or NaFO: flocculent hydrate is precipitated 
resembling Al,Hog in its appearance, and in being soluble 
in KHO. Differs from Al,Hog in being precipitated from 
its solution in KHO by dilution and long boiling, and by 
being soluble when freshly precipitated if it is long boiled 
with AmCl solution. 

Alkaline carbonates precipitate a carbonate soluble in excess, 
especially in Am,CO,; from these solutions the carbonate is 
reprecipitated, on diluting and boiling for some time, with 
especial ease from the Am,OO, solution (diff. from Al). 

BaCO, precipitates Be solutions completely ; H,C,O, and alka- 
line oxalates produce no precipitate. Moistened with 
Co(NOs). solution and heated on charcoal in the outer 
blowpipe flame, a gray mass is obtained (diff. from Al). 


549. Trranium (Ti).—Occurs as TiO,, with traces of Fe, Mn, Cr, 
in rutile, anastase, and brookite; also as TiO, in combina- 
tion with Fe in titaniferous iron ore. 


Ignited TiO, is insoluble in water and most acids; it is easily 
soluble in HF, less readily in boiling strong H,SO,; it is 
also rendered soluble in cold water by fusion with KHSQ,. 


; 
; 
.& 
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TiO, differs from SiO, in not being volatilized when heated 
in a platinum dish with HF and strong H,SO,. 

By dilution and long boiling, white flocculent hydrated TiO, is 
precipitated from solutions in H,SO, or HCl, and from the 
aqueous solution of the fusion with KHSO,; the precipitate 
is metatitanic acid ; it cannot be filtered off unless an acid or 
Am(Cl is added. 

AmHO, KHO, NaHO, Am,S, or BaCOs, white flocculent precipi- 
tate insoluble in excess: if precipitated and washed in the 
cold it dissolves in HCl and in dilute H,SO,. 

Zn or Sn gives in acid'solutions a blue, or if dilute a rose-colored, 
liquid. 

Nass), on boiling, precipitates Ti solution entirely (diff. 
from Fe). 


Microcosmic bead : 
In the outer flame ; yellow, whilst hot; colorless, cold. 
In the inner flame; yellow, hot; violet, cold. The production 
of these colors is much aided by adding a fragment of Sn. 
Addition of a small quantity of FeSO, gives in the inner 
flame a blood-red bead. 


550. VaNnapium (V). 


Occurs in vanadinite [83Pb;(PO,),.PbCl,], and in certain Fe 
and Cu ores. 

Vanadium is known in several stages of oxidation ; it will 
usually occur in analysis as vanadic acid or a vanadate, 
which in acid solution is of a yellow or reddish color. 


HS, H,S03, or H,C,O, reduces acid solutions of a vanadate, 
and causes the color of the solution to change to blue; with 
HS a deposit of sulphur also forms. 

Am,§S, if added in excess, gives a brown liquid, in which an ex- 
cess of acid causes a brown precipitate of V,S;; excess of 
Am,§ dissolves this to a reddish-brown liquid. 

Zn gives in a very dilute solution, acidified with H,SO, and 
gently warmed, a blue color, which changes into green and 
then lavender-blue. 

Solid AmCl, added until the solution is saturated, precipitates 
Am ;VQO,, which is insoluble in saturated AmCl solution. 
Very characteristic reaction. 

4,0, when shaken up with an acid solution imparts a red color, 
which is not removed by shaking with ether. This is a very 
delicate test. 


Borax bead: 


In outer flame: colorless, or yellow if much V is present. 
In inner flame: green, hot and cold; if much V is present 
broww hot, and green cold. 


352 LITHIUM, RUBIDIUM. [551, £62. 


GROUP V.—POTASSIUM GROUP. 
In this group are included Li, Cs, Rb. 


§51. Lirutum (Li). 


Li occurs frequently in mineral waters and in the ashes of 
plants; also in small quantities in the minerals lepido- 
lite, triphane, and petallite. Itis allied to the Barium: 
Group by the difficult solubility of its carbonate and 
phosphate ; and it differs from K and NH, by not being 
precipitated by PtCl, or by H,T; from Na it is readily 
distinguished by the flame coloration and spectroscope. 
LiCl is separated from KCl and NaCl by its insolu- 
bility in a mixture of absolute alcohol and ether. 


Na, HPO, added to the not too dilute solution, made decidedly 
alkaline with NaHO, gives, on boiling, a white crystalline 
precipitate (Li,PO,) which quickly settles. Traces of Li 
may be precipitated by adding Na,HPO,, then NaHO until 
the liquid remains alkaline, evaporating to dryness and 
washing the residue with dilute AmHO. This precipitate 
differs from the phosphates of Ba, Sr, Ca, and Mg by 
fusing in the blowpipe flame and beihg absorbed by the 
charcoal support, also by its diluted solution in HCl giving | 
no precipitate on addition of AmHO in excess in the cold, | 
but a white crystalline precipitate on boiling. — . 

Flame coloration: this is carmine-red ; the spectrum (see p. 361) 
consists of two lines, an intense carmine-red line (2) and a 
feeble orange-yellow line (4). This coloration is concealed 
by that of Na, which, however, does not interfere with the 
spectrum ; the Na coloration is also removed if the flame 
is viewed through the indigo-prism, whereas that of Li can 
pass through the thinner parts of the prism ; it differs from 
the K coloration, however, in being unable to penetrate to 
thick layers of indigo solution or in being much weakened 
by its passage. As silicate, Li only gives the flame colora- 
tion after fusion with CaSO,; the phosphate requires to be 
first moistened with HCl. 


ee. 


552. Rupiprum (Rb), and Castum (Cs). 


These metals occur in small quantities in some mineral wate:s 
and in a few minerals. Their compounds resemble those of 
K in being precipitated by PtCl, and by H,T, and in giving 
asimilar flame coloration. Characteristic differences are, the 
much greater insolubility in water of the platino-chlorides, 
which enables the K,PtCl, to be dissolved away from 
Rb, PtCl, and Cs,PtCl, by boiling the precipitate with sueces- 


e aesoll quantities of water; the alums also show a simi- 
- difference in solubility in cold water. 

d Rb are readily distinguished from one another and from 
er elements by their spectra (see p. 361). For Cs the 


blue lines (a, 8) are especially distinct and characteristic ; in 
_ the Rb spectrum the indigo-blue lines (a, 8) are very distinct, 
but the red lines (7,0) are most characteristic. For the 
spectroscopic test the chlorides are most suitable. 
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Group I—Reagent HCl. 


The group pp.may contain in addition 
to AgCl, HgoClo, PbCle: 
TICl (white). 
HyWO,.( “ ). 

TiCl will usually be readily detected 
by a spectroscopic examination of 
the group pp. It may be removed 
from the group pp. by boiling with 
a little water, and pp4. from the cold 
filtrate by KI (Pb is also thus ppd.): 
the pp. is yellow, and gives the thal- 
lium spectrum, 

H,W0,: a white pp. becoming yellow 
on boiling. Its presence is con- 
firmed by dropping a piece of Zn 
into a portion of the acid liquid and 


pp., when a deep-blue color will be/ 77 ig readily found by the spectroscope in the — 


obtained. 

Also by fusion of the pp. ina mi- 
erocosmic bead, which will be color- 
less or yellow in the outer flame, blue 
(or with FeSQ,, blood-red) in the 
inner flame. 


BBB. GENERAL Group TABLE FOR 


Group I7.—Reagent H,S. 


The group pp. may contain as sulphides, in 
addition to Hg, Pb, Bi, Cu, Cd: 


Pd (black-brown) Trsatabied 
Tl (black; pp4, with AsoSs) saris Sine 
(Os, Rh, Ru}! Am,S. 


And in addition to SnS, SnSo, SbeS3, AsqS3, 
AtlgS3, PtSg: 
[7r-sulphide}* 
Mo- (brown) Soluble in 
Se- dd (red-yellow) Am,S. 
Te~ - .“ (black) 
The yellow color of a solution containing V 
is changed to blue by H4S. 


group pp. 
Pd will remain in solution in excess of AmMHO ~ 
with Cd and Cu in Table IL a: from this solu- 
tion it is ppd. by adding HCl; its presence may _ 
be further confirmed by the HgCyg or KI tests — 
(542). bes. 
The examination of the sulphides in Group IT B_ 
when the above elements may be present is best 
commenced by fusion with NagCO3 and NaNOs, — 
From the fused mass, water dissolves sodium- 
arsenate, -molybdate, -selenate, and -tellurate, — 
leaving SnOv, sodium-antimonate, Au, Pt, and 
Ir undissolved ; the elements may then be de- 
tected by special tests For the separation and — 
detection of the platinum metalsa larger work 
must be consulted. ; 


1 Only completely pp4. if the liquid has been 
warmed, and HS passed for a long time. ; 


‘\Group JIiT.—Reagents AmCl 
i; AmHO, and Am,S. 
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PRECIPITATION OF RARER ELEMENTS. 


Precipitated from the 


| filtrate from Group IIL by 


excess of HCl. 


The group pp. may contain as 
sulphides, in addition to Fe, 


Zn, Mn, Ni, Co: 
U (black-brown). 
In ie 3 
Tl “ ). 
And as 


hydrates in addition 
to Al, Cr (and phosphates, 
ele.) : 

|i (white, flocculent).’ 

' |Be (colorless, gelatinous). 


Ta, Nb, Ce, La, Di, Y, E, 
Th.| 


Ti and Jn will usually be 
readily detected by a spec- 
| troscopic examination of 
|. the pp. 
_|Tl may be first separated and 
detected by dissolving some 
of the group pp. in boiling 
dilute HCl, and reducing 
| any Fe present in the solu- 
| tion by H.SO,g; then pre- 
F | spend Tl by addition of 
? 


the spectroscope. 


more complete scheme for 
the analysis of this group 
pp. will be found in par. 
(pp. 356, 357). 


As sulphides : 


V (black). 
W (trace, brown). 
Vi (trace, black). 


This pp. is dried and then 

fused with a mixture of 
NasCOg and KNO 3; on 
boiling the mass with 
water, NiO remains undis- 
solved; it is filtered off, 
and its presence con- 
firmed by fusion in a 
borax bead. 


The aqueous solution may 
contain alkaline vanadate 
and tungstate. V is sepa- 
rated by saturating the 
liquid with Am(Cl, and its 
presence confirmed in the 
pp. by the borax bead, 
and by dissolving the pp. 
in HCl and employing the 
reactions with H,O. and 
with Zn (550). 


~ 


and testing the pp. by|The filtrate, after concen- 


tration if necessary, is 


acidified with HCl, and 


the presence of W con- 
firmed by the Zn reaction 
and the microcosmic bead 
(541), 
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Group V. 


The filtrate after the separa- 
tion of all the group pre- 
cipitates may contain be- 
sides Mg, K, and Na: 


Li, Cs, Rb. 


These metals are readily de- 
tected by their very char- 
acteristic spectra (p. 361). 

LiCl may also be detected by 
its behavior with NagHPQ,. 


Before proceeding to the spec- 
troscopie examination, it is 
well to convert them into 
chlorides if they are not 
already in that form. 


If the chlorides are evapo- 
rated to dryness and ex- 
tracted with absolute ether 
and alcohol, to which a few 
drops of HCl have been 
added, LiCl, RbCl, CsCl dis- 
solve, whilst the greater 
part of the KCl and NaCl 
remains undissolved. 


The solution is evaporated to 
dry ness, dissolved in alittle 
HCl, and Rband Cs are ppd, 
by PtCl,; this pp. is boiled 
with small quantities of 
water until it no longer 
gives the K spectrum; the 
spectra of Rb and Cs will 
then be seen, if present. 

Liis found in the filtrate 

after adding PtCl,. 
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554. Taste ror ANALysis or Group III Precrprrare, 


The precipitate may contain Fe, U, In, Tl, Al, Cr, Zn, 


After a preliminary spectroscopic examination has been made of a small portion of the 
the general table (553), the group pp. is dried and fused in platinum with KHSO, for 


long time with cold water: 


Residue may  con- 
tain TagO,, Nbg0,, 
also SiOs, and traces 
of Fe and Cr whieh 


have escaped solu-/? 


tion. By fusion with 
KCIO3g and NaHO, 
Cr and Si are ren- 
dered soluble in 
dilute NaHO; from 
the residue, _in- 
soluble in NaHO, 
Ta,O,; and NboO, 
may be removed by 
washing with dilute 
Na2CQzg solution, 


Solution: reduce Fe by adding H.SOgs in excess, dilute consider-— 
covering the vessel, and by passing a stream of CO, through it, 


of TiO; pos- 
sibly also traces 
of Zr. 


Confirm the pres- 
ence of TiO, 


by the micro-|Pp. may contain Fe, In, U, ete. 
Jarge excess of HCl, 


cosmic bead 


(549). 


. may consist|Filtrate: add a few drops of strong HNOs, 
and precipitate once more by adding excess 


Pp. may contain Fe, In, 
U, also traces of Al 
and Cr. 


It is dissolved in HCl, 


and NaHCOg is added _ 


in excess, whereby U) 
alone is obtained in) 
solution, 


In is found by the spec- 
troscope. 


Cr by fusion with 
Na,CO, and KCI1O3. 


Pp. may contain Fe, In, U, Cr, Al, Be, ete. 


Dissolve 
add BaCOgz, and let 


pp. is washed with 


. may contain Zr 
ct Ce. ; 


Th and Ce are dis- 
solved away by 
boiling with dilute 
HCl, and are repp. 
by AmHO. 
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_ WHEN THE Rarer ELEMENTS MAY RE PRESENT (FRESENIUS). 
hs 


© Mu, Ni, Co, Ti, Be, [Zr, Ta, Nb, Ce, La, Di, Y, E, Thi. 


pp. for Tl and In, and TI has been further tested for, if necessary, by KI as directed in 
some time, the cold mass is then powdered and allowed to stand, with shaking, for a 
| 


i 
ably and boil for a long time, preserving the liquid from oxidation by the air by 
: unless it smells constantly of SO, : 


concentrate by evaporation, and add AmHO in excess; filter, dissolve the pp. in HCl, 
of AmHO: 


Dissolve it in HCI, and add excess of cold strong KHO solution: Filtrate may 
. contain: 
in HCl, boil off any| Filtrate may contain Al, Cr, Be; dilute and boil | Zn, Mn, Ni, Co, 


stand: for some time, filter. Al remainsin solution, 

a ta rs Lady ay by adding HCl just in excess, 
n : 

i zr. Ce. La, Di, V, E, en Am in excess 

adding excess of} Cr and Be are separated by fusion with Na CO, 

is concentrated and| and K(C10g, dissolving in water and pps. ; Be 

with KIO. Crystals} by adding HNOg,in excess, then AmHO in 

and the liquid is| excess. 

some hours. The 

K,SO, solution. 


5 | Soin. may contain 
Y, E, also Be. 


The solution is 
ppt. by AmHO, 
and Be _ dissolved 
away from it by 
HCO. 


APPEN DIZ Ts 


USE OF THE SPECTROSCOPE FOR 
ANALYSIS. 


555. When the light from a bright gas or candle flame is allowed 
to pass through a narrow slit, and is then looked at through an ap- 
propriately cut-glass prism, a series of colors is seen following one 
another without break or interruption; such a band of colors has 
received the name of a “continuous spectrum.” The direct-vision 
spectroscope’ is a little instrument furnished at one end with the 
requisite slit, whose width may be varied by means of a projecting 
screw-collar; at the other end will be found a draw-tube containing 
lenses for focussing, and the body of the instrument incloses the glass 
prisms. On looking at a bright gas or candle flame through this 
spectroscope a “continuous spectrum” will be seen, whose margins 
may be sharply focussed by means of the draw-tube. A similar spee- 
trum isseen when any brightly glowing non-volatile substance is viewed 
through the spectroscope. 

Many substances, however, when strongly heated, volatilize; and 
their glowing vapors emit light whose color is in many cases peculiar 
and characteristic; mention has been already made of this fact in 
par. 32, and its importance as a means of detecting certain elements 
was there stated. 

When such a vapor is viewed through the spectroscope, a “ discon- 
tinuous”’ or “line spectrum” is seen, which consists of one or more 
colored “lines” or “bands,” whose position and color are charac- 
teristic of that particular vapor. Thus Na vapor yields one bright- 
yellow line, Li one intense carmine line, whilst K gives two lines, 
one red and the other violet. These lines are readily seen by hold- 
ing in the Bunsen flame a loop of platinum wire, which has been pre- 
viously dipped into strong NaCl, LiCl, or KCI solution, and viewing 
the colored flame through the spectroscope. But not only does this 
method of analysis serve to detect the elements when occurring sepa- 
rately, it also detects each of them when two or more are present 
together, since the spectrum of each is then seen without any inter- 
ference from the others; thus although the flame coloration of K or of 


' This is the cheapest and most handy form of spectroscope, and 
oli purchased of the makers, Messrs. Browning, of the Strand, 
London. 
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Li is entirely masked by that of Na when the chlorides of both metals 
are held in the flame together, the two spectra are distinctly seen side 
by side when the flame is looked at through the spectroscope; and 
both Li and K are thus readily recognized when present with Na. 
The delicacy of this method of detection is extreme; thus the 
yo000 000th of a gram of Na can be distinguished by the appearance 


_of its yellow spectral line. 


The accompanying chart (p. 361) gives the relative position of the 
most important lines in eleven different spectra. It is meant to serve 
merely as a guide to the beginner ; when the student has accustomed 
himself to the appearance of the spectra, reference to the chart will 
become unnecessary. 

It is important to remember that the coloration of the Bunsen 
flame can only be produced by substances which are volatile at the 
temperature of the flame; and that the coloration due to any element 
is more intense the more volatile is the compound employed. Thus 
KCl and KNO, are readily volatilized in the flame, and color it 
strongly ; K,SO, is somewhat less volatile, and the coloration it yields 
is correspondingly feeble; K,COs is still less volatile, and imparts 
little color to the flame; whilst K,SiO3 is non-volatile, and yields no 
flame coloration whatever. Hence in testing for an element by the 


_ spectroscope, care must be taken to insure its conversion, if present, 


into a form of combination which is volatile in the Bunsen flame. As 
a rule, chlorides and nitrates of the metals are the most volatile salts, 
sulphates are less volatile, carbonates still less so, and silicates are 
usually non-volatile. It is in many cases sufficient to moisten the 
substance upon the platinum wire loop with strong H,SO, or HCl 
before introducing it into the flame; the sulphates of Ba, Sr, and Ca 
should be first reduced to sul phides by heating them in the inner blow- 
pipe flame; the sulphides are then readily converted into chlorides 
by moistening them with HCl. K,SiO, in a natural silicate yields no 
K flame coloration; by fusion of the powdered mineral with gypsum 
powder, however, the K,SiO, is converted into K,SO,, and the sul- 
phate yields the K coloration readily : 


K,SiO, + CaSO, — K,SO, + CaSiO,. 


Owing to the invariable presence of small quantities of Na in atmos- 
pheric dust, and to the extreme delicacy of the spectroscopic reac- 
tion for Na, the Bunsen flame always shows the Na line when looked 
at through the spectroscope, and the brightness of the line may be 
increased by striking the table, or in any other way raising dust, in 
the neighborhood of the flame. This is in several respects advan- 
tageous; since, by rendering the Na line distinct by regulating the 


width of the slit and the position of the focussing lens, the spectroscope 


may be placed in adjustment before introducing into the flame the sub- 
stance whose spectrum is to be observed. The Na line further serves 
as a fixed point from which the position of the lines of other elements 
may be judged; and in order to assist the student in so using it, the 
position of the Na line is indicated in all the other spectra on the 
accompanying chart by means of a dotted line. 

556. When working with the spectroscope, the Bunsen flame should 
be so placed as to have a dark background, in order that light from 
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the flame only may enter the slit; if not working im a darkened rooms, 
a piece of black velvet or cloth may be hung behind the flame ; this 
is, however, not indispensable ; it will usually be sufficient to avoid 
the entrance of direct or brightly reflected light into the instrument. 
It is best to view first either the sky, or a bright flame—such as that 
obtained by closing the air-holes at the foot of the Bunsen burner, 
and to turn the spectroscope into such a position that the continuous 
spectrum becomes horizontal with its red end to the left hand; the - 
instrument is next directed on a portion of the non-luminous Bunsen 
flame about two-thirds of the height from the flame’s base, and held 
either by a clamp, or very steadily by the hand, in this position.. The 
Na line is then focussed as directed sleon ; and, whilst carefully watch- 
ing the flame through the spectroscope, the substance is introduced 
into the outer part of the front of the flame at about one-third the 
flame’s height from its base ; the observation of the flame is continued 
for a short time after moistening the substance with acid as directed 
above. The careful observation of the flame during the introduction 
of the substance into the flame is necessary, since some elements 
(e. g., Tl), when present in small quantity, give a spectrum which 
appears only as a momentary flash ; other substances appear only as 
the substance attains the full temperature of the flame, and their 
spectra are therefore seen only after the substance has been heated! im _ 
the flame for some time. 

The regulation of the width of the slit must depend upom cireum- 
stances. A wide slit admits more light and increases the brightness 
of the lines ; a narrew slit causes the lines to be more widely separated), 
and thus prevents neighboring lines from blending, and generally 
enables their position to be more accurately noted. It is well to use 
a narrow slit, unless working with a faint flame coloration, or unless 
lines of feeble intensity have to be looked for, 

The spectroscope is more especially useful in qualitative analysis = 

Ist. In detecting readily K and Li, and other substances whose 
flame colorations are masked by that of Na, when occurring with Na. 

2d. It also rapidly distinguishes Sr from Ca; since as shown inthe 
chart the Sr spectrum contains a characteristic blue line 4, as well as 
certain red lines situated to the left hand of all those in the Ca 
spectrum ; the green line 4 of Ca is also very distinctive of that ele- 
ment. Ba is specially characterized by the four green lines, a, y, a 

3d. The spectroscope is of great value for detecting the rarer metals 
Li, In, Tl, Cs, Rb, which usually occur in comparatively small 
tity im nature ; the last four of these metals were first searched after 
and discovered on account of their very marked spectra having beem 
seem by the spectroseope. 

557. Spectrum Chart.—In using the chart below, the color of a line 
im any spectrum may be found by referring to the head of the chart, 
and seeing in which of the bracketed spaces it falls; above each 
mg is placed the — = of the name Pod the color; the 
colors rum from left to right in the following order: Red, Orange, 
Yellow, Green, Blue, Indigo, Violet. ee 

The chart is a reduction from Bunsen’s map ; the relative position. 
of the lines is given correctly ; those in each spectrum which are 
most striking or characteristic are made thicker than the rest, and 


1 
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are denoted by Greek letters in the order of their relative importance. 
Many of the thin lines will not be seen by means of a small pocket 
spectroscope. 


ee} AMT 


E y 5X £. 


| eee 
BY. & 3 


a. A. 

eM —_[ 

“i | 
See = 


xB 


BR 


* This spectrum is seen when boric acid or a borate is fused with 
a little Na,CO, on a loop of platinum wire, and the flame coloration 
obtained from this bead is examined. 


31 
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558. LIST OF CITEMICAL ELEMENTS, WITH THEIR 
SYMBOLS AND ATOMIC WEIGHTS. 


Note.—The words in brackets are the Latin names of the elements 
from which the symbols have been derived. 


: Atomic | . Atomie 
Name. Symbol Weight.|, Name. Symbol Weight. 

Se Tae SER TIRES Oe aol x Hee oe See =i. tu ele i | 
Aluminium..... .. Al 27.5 || Molybdenum.......... Mo 96 
Antimony (stibium) | “Sb 122 || Nickel... 5. .ssscoseap ove Ni 59 
Arsenicum...........: | As 75 | Niobium: 5 .ccdeo-csannes Nb 94 
Barium,. Poteh kn Ba 137 1) Nitrogeni:\.:.2.5..<5. <9 N 14 
Bismuth...,..........0.+ | Bi 210 1) Osmium. Anquan Os 199 
OPOIN 5 shccss vathertasse B 11 1) Oxygen oe tcness O 16 
Bromine... sis Br 80 | Palladium............... Pa 106 
Cadmium Cd 112 || Phosphorus... a Pp 31 
Cesium... Cs 133 || Platinum.. Pt 197 
Calcium Ca 40 || Potassium (kalium) K 39 
Carbon. Cc 12> > Rhodium: cies seeacees Ro 104 
Cerium. Ce 92 | Rubidium... nxt | Rb 85 
Chlorine.. Cl 35.5 | Ruthenium. |} Ru | 104 
Chromiu Cr 52.5 | Selenium.. | Se 79.5 
Cobalt......... | Co 59 Silicon.. Si 28 
Copper (eur | Cu 63.5 | Silver (argentum) : Ag 108 
Did yOu 6. 054..55.4. 1 D 96 || Sodium (natrium) Na 23 
Erbium.......... | E 112. || Strontium.. | Sr 87.5 
Fluorine... Fas 5 19 || Sulphur... | § 82 
Glucivum... Geren Se. 9.5 |} Tantalum...... ee 182 
Gold (aurum)... Beatvies che Au 197 jj Tellurium........ Te 129 
EVACORAM ois tetrresh acs H 1 Thallium....... | Tl 204 
Thdlumseniccascss In 113.4 || Thorinum... ee Th 238 
MOAUNG ss Grcttsc. sy ccrru al pe 127 |, Tin (stannum). seed Sn 118 
tee a 197 | Cre bate oe : Ti 50 

ron (ferrum)......... | Fe 56 | ungsten (wolfra- 
Lanthanum.. Peer ey 92 || _ mium) i WwW 184 
Lead (plumbum).. venide JE 207 BLE OT or alee a U 120 
BAER TUS ceacceensgases vasec tLe 7 Vanadium............... 51 
Magnesium... Mg 24 1]. ¥ttriam......<. 62 
-cpeatinany Steasebsieast Mno 55 BiWGiris icckeases a 

ercury (hydrar- ‘| Zirconium 

gyrum) \ Hg | 200° | 


559. THERMOMETRIC SCALES. 


There are two different thermometric scales in use in this country, 
the Centigradeand Fahrenheit ; the former of these is rapidly becom- 
ing universal for scientific purposes. The two scales are mutually 


: r — ¢ 
a 
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convertible by the followirg formule, in which F.° represents a tem- 
perature on the Fahrenhcit scale, C.° a temperature on the Centi- 
grade scale: 
S(F.°o — 32) = C°) 
ie So ee es 
The temperatures occasionally referred to in this treatise are given 
on the Centigrade scale. 


WEIGHTS AND MEASURES. 


560. The corresponding values of the French and English weights 
and measures are here given; the use of the French or decimal sys- 
tem is strongly recommended by its extreme simplicity, since the 
smaller denominations are obtained by taking a tenth, hundredth, 
thousandth, ete., of the unit chosen, and are designated by the Latin 
prefixes deci, centi, milli, etc., whilst the higher denominations are 
10 times, 100 times, 1000, etc. times the unit, and are named by the 
Greek prefixes deca, hecto, kilo, ete.; examples of this will be found 
in the tables given below. 

561. The starting-point of the French system is the “metre” 
( = 89.87 inches) ; this is the “unit of length.” The “ unit of meas- 
ure” is the “litre’’ which is one cubic decimeter ; the “unit of 
weight” is the gramme;,! which is the weight of 1 cubic centimeter 
of distilled water at 4° C. 

The chief conveniences arising from the use of this system are : 

1st. That all the different denominations can be written as one, since 
they are either multiples by ten or are decimal fractions of the unit. 
Thus 5 decagrams, 3 grams, 4 decigrams, 8 milligrams, would be 
written 53.408 grams. 

2d. That since 1 cubic centimeter of water at 4° C. weighs 1 gram 
we may obtain the weight of water to be used from the measure by 
simply converting the measure into cubic centimeters; the number 
thus obtained will represent at once the corresponding weight of water 
in grams. Of course this conversion is strictly accurate only when 
the water is measured at 4° C., but for ordinary purposes the error 
introduced when the water is at the temperature of the air is too 
small to be of any importance in the preparation of solutions. 

The weights and measures most frequently used for chemical pur- 
poses are the gram, the millimeter,? the liter, and the cubic centim- 
eter,’ which is y,/55 of a liter. 


MEASURES OF LENGTH. ENGLISH. 

| meter. inches. mile. furlong. yards. feet. inches. 
2Millimeter = | 0.001 = 03937 = 03937 
Centimeter = | 0.01 = 39371 = 39371 
Decimeter = | 0.1 = 3.93708 = 3.9371 
Meter = 10 = 39.47079 = 8 3.371 
Decameter =| 10.0 —| —393.70790 = 10 «2 97 
Hectometer= | 1000 = 3937.07900 = 109 | ee 
Kilometer — | 1000.0 = 29370.79100 — t 213 4 10.2 
Myriometer — | 10000.0 =! 393707.90000—| 6 1 156 0 6 


linch = .0254 meter. 
1 foot = 3048 =“ 


1 Written “gram” in English, for the sake of brevity. 
? Usually written (mm.). 3 Usually abbreviated to (ce.). 
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MEASURES OF CAPACITY. 
1 liter — 4 cubic decimeters. 


ati liter. cubic inches. pints. 
Milliliter, or 2 
Cubic centimeter (cc.) } ay 001 — 06103 | = 0.00176 
entiliter = 01 = 61027 | x 0.01761 

Deciliter = al = 6.1027 as 0.17608 
Liter = 1.0 ae ONOBR oP 1.76077 - 
Decaliter = 10.0 = 610.27 = 17.60773 
Hectoliter ws 100.0 | = 6102.7 = 176.07734 
Kiloliter = | 1000.0 | = 61027.0 | == 1760.77341 
Myrioliter = | 10000.0 | = 610270.0 | = 17607.73414 

ieubicinch =  .01639 liter. ; : 

1 cubic foot — 28.81531 liters. 

1 gallon = 4.54336 “ 


MEASURES OF WEIGHT. 
1 gram — the weight of 1 cubic centimeter (cc.) of water at 4°C. 


grams. — | grains, Avoirdupois. 
Milligram = 001 =e 0 01543 
Centigram wes 01 = 0.15432 : 
Decigram = “ = 1.54323 
Gram = 1.0 = 15,43235 lbs. oz. drms. 
Decagram = 10.0 =  154.32349 = 0 0 5.65 
Hectogram ae 1000 =  1543.22488 == 0 3 8.5 
Kilogram = 1000.0 = 15432.34880 = 2 38 6 
Myriogram = 100000 = 154323.48800 = 22 1 2 

1 grain = 0.0649 gram. 

1 oz. (Troy) = 31.1035 grams. 


1 Ib. (Avoirdupois 453.593 wi 


ENGLISH WEIGHTS AND MEASURES. 


APOTHECARIES WEIGHT. | AVOIRDUPOIS WEIGHT. 
Ib. oz. rms. scruples. grains. 1b. Oz. drms, grains. 
1 = 12 = % = 288 — 5760 | 1 = 16 = 256 = 7000 
1=- 8 = 4 = 480 | 1 = is = 75 
1 ee Bee 60 1 = 27343 
1 = 20 | 


IMPERIAL MEASURE. 


gallon. pints. fluid oz. fluid drms, 
1 = 8 = 160 om 1280 ‘: 
1 om 20 = 160 
1 = 8 
1 gallon = 70,000 grains of water at 16.7° C. 
1 fluidounce = jypint = 487.5 * 
1 gallon = 277.280 cubic inches, 
1 fluidounce = gy pg 


INDEX. 


Acid, test for an, 


radicles, detection of, in simple substances, 
detection of, i in complex substances, 


“ “ 


a MS reactions of, 


Acids, removal from clothes, 
Acetates, reactions of, 
Acetic acid, 
Alkaline reaction, 
Alloys, 
Aluminium, reactions of, 
Ammonia gas, preparation of, 

“« properties of, 
tests for, . 
Ammonium, reactions of, 
Analysis, course of, 
introduction to, 
of a simple liquid, 
. 2 solid, 
a complex liquid, 
3 = solid, 
an alkaline liquid, . 
cyanogen compounds, 
insoluble substances, 
metallic substances, 


“ “ 


Ht silicates, 
- substances for, 
~ Analytical classification, ; 
bi . table of, 
Ms groups, ; 
reactions, 


Antimony, reactions of, 

Apparatus, list of students’, 
ri list of general, 

cleaning of, 


Arsenic group, . 
“é “ 


“6 


- “ table of differences, 


Arsenic group, table for analysis, 
4 reactions of, . : 
Atomic weights, list of, . 


separation and detection of, 


200, 


215, 
214 


‘91, 


208, 2! 
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Barium group, : : . 
“4 “ separation and detection of, 
4, “table of differences, 
ef “table for analysis, 

Barium, reactions*of, 

Bending glass tube, 

Beryllium, detection in analysis, 

i reactions of, ; 

Bismuth, reactions of, 

Blowpipe, use of, 

Borates, reactions of, 

Borax bead, 

Borie acid, reactions of, 

Boring corks, 

Bromides, reactions of, 

Bunsen burner, . 


Cadmium, reactions of, . F 
Cesium, detection in analysis, . 
reactions of, 
Calcium, reactions of, 
4 sulphate, preparation of, 
Carbon dioxide, preparation of, 
from combustion, 


e 4 from respiration, 
: 5 properties of, 
tests for, 

* x in the air, 
Carbon monoxide, preparation of, 
is 7 properties of, 

= ms tests for, 


Carbonates, reactions of, 
Carbonic acid, reactions of, 
Centigrade scale, 
Charcoal-wood, : 

“9 combustion in oxygen, 
ignition on, 
Chemicals, list for Section I, 

. IH, 

Chlorates, reactions of, 
Chloric acid, reactions of, 
Chloride group, separation and detection of, 
Chlorides, reactions of, . 
Chlorine, preparation and properties of, 

= tests for, 

y water, pr eparation of, 
Chromium, reactions of, 
Chromates, reactions of, d 
Classification of metals in groups, 

cs table of, 

Cleaning apparatus, : 
rs platinum, 


“ 


a ee et a 


Ce ee eee Ae ee, eee ee ee ens 


le A 


INDEX. 


Cobalt glass, 
2 reactions of, 
Combustion i in oxygen, of charcoal, 
ae phosphorus, ‘ 
s * sulphur, 
Contractions, list of, 
Copper group, separation and detection, 
** table of differences, 
- AS He for analysis, 


<< 


Corks, 


“ 


reactions of, 


boring of, 

Cutting glass tube, 

Cyanides, reactions of, 

Cyanogen compounds, analysis of, 


Decantation, process of, 

Detection of gold and platinum, 

Differences. table of; Group I, 
«“é iT3 ee 


II A, 
é ¢ oS, 
“ «“ _ eet 
“ ‘ “ Ill B, 
“é “e “ TV, 


“cc it3 3 V, 

Distillation of water, : 
be nitric acid, 

Distilled water, tests for, 

Drawing out glass tube, 

Drying precipitates, 


Elements, list of chemical, 
Entry in note-book, rules for, 
Entry of results, examples of, 
Equation, chemical, 
Eyaporation, process of, 


Fahrenheit scale, 
Ferricyanides, reactions of, 
Ferrocyanides, reactions of, 
Filter-paper, . 
Filtration, process of, 
Flame colorations, 

Flask, tubulated, 
Fluorides, reactions of, . 
Fluosilicates, reactions of, 
Fusion, process of, 


General table for groups, 


ce detection of rarer elements, 


200, 246 
. 854 
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PAGE 
Glass tube, bending, A ; ; ‘ ee. 
“cutting, ; ‘ f ; . : 46 
#4 “ drawing out, 3 é ; . : 47 
Gold, reactions of, : ‘ s , , ee 
** detection of, ; : : 251, 282 
“ separation from platinum, - ; . - 282 
Gram, . ; ; : 3 : 364 
Groups, analytical, : é 84, 188, 189 
Group III, precipitation and analysis of, . . ; 209, 213-269 
table for rarer elements, . , . 356 
Wiest glass and porcelain, . ; ‘ é P 55 
Hydriodic acid, reactions of, . . ; . - 164 
Hydrobromic acid, ; : : . 7 
Hydrochloric acid gas, preparation of, “ ; j 39 
ud tests for, j : : . 40 . 
Hydrochloric acid, reactions of, ; : : - 160 
Hydrocyanic acid, ; . : : . 586 
Hydrofluoric acid, * ‘ ‘ 2 ; «oa 
Hydrofluosilic acid, ed ; . , “TTS 
“a ‘preparation of, : ‘ : . 3832 
Hydrogen, collection of, : ‘ ‘ : ; 26 
combustion of, : : : . ; 28 
J explosion of, : ‘ ‘ : : 29 
ne preparation of, 3 : ‘ . : 26 
fs sulphide, reactions of, ; ; ; 7 ae 
rs test for, ; : ; : ae 
Hydrosulphuric acid, reactions of, : ; : <) e 
Hypochlorites, reactions gee: ; : ‘ +) 208 
Hypochlorous acid, reactions of, ‘ . , -- 14 
Hyposulphites, reactions of, . ; : x «ABB 
Hyposulphurous acid, reactions of, ; : : +. Soe. 
Ignition, process of, . . . : : ’ 67 
on charcoal, ‘ ea cre : ; 73 
Ignition-tubes, preparation of, . : ; : F 49 
Indigo-prism, . . : : : - 304 
Indium, detection in analysis, ; d : ; 354, 356 
“reactions of, . . : - . 3850 
Insoluble substances, analysis of, 2 3 : 215, 283 
Todides, reactions of, . i : : ; - 162 
Iron group, ; : . ; " : - 105 
“ separation and detection of, : é Peas 
ie table of differences, F ; : Pera! he) 
“ table for analysis, . : ; : . ae 
Tron, reactions of, : : é , 4 eee 
Labelling bottles, , ‘ 7 : : - 322 
Labels, varnishing of, : ‘ ; - 323 
‘Lead, reactions of, : : : . ; «121 


‘Lime-water, preparation of, . : . 3 - 330 


INDEX. 


Liquid reagents, dilution of, 

Lithium, detection in analysis, . 
s* reactions of, . 

Litmus-paper, use of, 

Liter, the, 


Magnesium, reactions of, 
Manganese, 
Mercuricum, 
Mercurosum, 
Metallic substances, analysis of, 
Metals, exan:ination for, : 
Molybdates, detection in analysis, 

e reactions of, : 
Mortar, agate, ; 


“ 
“ 


Neutralizing, process of, 

Neutral reaction, 

Nickel, reactions of, 

Nitrates, 3 

Nitric acid, reactions of, 

Nitric oxide, preparation of, 

Nitrites, reactions of, 

Nitrogen tetroxide solution, pr eparation of, 

Nitrous acid, reactions of, 

Notation, chemical, 

Notebook, rules for entry in, 
. examples of entry, 


Organic acid-radicles, reactions of, 
Oxalates, reactions of, ; 
Oxalic acid, * 
Oxygen gas, collection of, 
= experiments with, . 
“preparation of, 
= fest far, 


Palladium, detection in analysis of, 


3 reactions of, 
Phosphates, ee : 
analysis of, 


Phosphoric acid, reactions of, 
Phosphorus, combustion in oxygen, 
Platinum, detection of, . 
reactions of, . 
2 separation from gold, 
Platinum wire, mounting, 
“ “ cleaning, 
Potassium group, ‘ P , 
«separation and detection, 


32 


95 

112 

119 

144 

214, 278 
200, 246 
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Potassium group, table of differences, 

“ table of analysis, 
Ee reactions of, . ; 
Precipitates, drying of, 
removal from filter, 
washing, 
Precipitation, process of, 

of Group IU, remarks on, 

“id " rules for, . 


“ “ 


Preliminary examination for metals, . j - 192, 


for acid- radicles, 

of cyanogen compounds, 
of insoluble substances, 
of metallic substances, 
Prussic acid, reactions of, : 


Rarer elements, reactions of, 
s tables for detection of, 

Reactions, entry of, 
Reagents, addition of, in excess, 

fe preparation of, 
list of special, 
ie z; general, for metals, 
© Bs 2 * acid-radicles, 


a4 


Residues, silver, 

Ks platinum, 
Rose burner, 
Rubidium, detection in analy sis, 

me reactions of, 
Rules for working, 


Saturated solutions, preparation of, 
Selenates, detection in analysis, 
be reactions of, 
Selenites, # 
Selenium, sh 
Silicates, analysis of, 
4 reactions of, 
Silicic acid, “ 
Silver group, . ; : 5 
*« separation and detection of, 
= “ table of differences, 
ms “ ~ table of analysis, 
“reactions of, ; 
Simple substances, analysis cc 
Sodium, reactions of, ; 
Solubility, table of, ; ; 3 
Solution, process of, é : ; y . 
Solution of solid reagents, 
Solutions for reactions of metals, . 
7 8 “ acid-radicles, 


196, 
198, 


216, 
214 


354, 


INDEX. ol 
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Spectroscope, its use in analysis, : : F . 868 
Spectrum chart, F : F : P . 961 
Spirit-lamp, ; : d : : z : 45 
Steam-oven, ; ‘ : ‘ ; «.” B08 
Stirring-rods, pr eparation OR 3 - : ; : 49 
Strontium, reactions of, , : ; ‘ . 102 
Sublimation, process of, F : . ; 3 68 
Substances for analysis, , : . : o> al 
Sulphates, reactions of, . : : : ; . 148 
Sulphides, = ; : : : ; - il 
Sulphites, as : ; : ; soe 
Sulphocyanides, reactions (a) oie ; ; : Meee #2 
Sulphur, combustion in oxygen of, : P : ; 24 
Sulphuretted hydrogen tube, . : : f : 48 
apparatus, ‘ , : . 3804 

- % reactions of, , : ; Pee tel 3 

* "y passing : ; : é AO 

rs cb solution, : F A pees i! 
Sulphurous acid, reactions of, . é ; : Re rae 63) 
= preparation of, : : ‘ i ee 

Sulphuric acid, reactions of, . : : : . 148 
Symbols, chemical, : ; : : j ‘ 86 
‘ list of, : E ‘ : : ; 2 80z 
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Prof. Walter R. Johnson. In two 8vo. vols., with 500ill. Cloth, $6. 

] ASRENGE (J. Z.) AND MOON (ROBERT C.) A HANDY-BOOK 
OF OPHTHALMIC SURGERY. Second edition, revised by Mr. 
Laurence. With numerous illus. In one 8vo. vol. Cloth, $275. 
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[= (HENRY) ON SYPHILIS. In one 8vo. vol. Cloth, $2 25. 


Fe: (HENRY C.) SUPERSTITION AND FORCE; ESSAYS ON THE 
WAGER OF LAW, THE WAGER OF BATTLE, THE ORDEAL, 
AND TORTURE. Third edition, thoroughly revised and enlarged. 

In one handsome royal 12mo. vol. Cloth, $250. (Just tssued.) 


STUDIES IN CHURCH HISTORY. The Rise of the Temporal 
Power— Benefit of Clergy—Excommunication. In one handsome 
12mo. vol. of 515 pp. Cloth, $2 75. 


AN HISTORICAL SKETCH OF SACERDOTAL CELIBACY 
IN THE CHRISTIAN CHURCH. In one handsome octavo volume 
of 602 pages. Cloth, $3 75. 

i ROCHE (R.) YELLOW FEVER. In two 8vo. vols. of nearly 1500 
pages. Cloth, $7. 

PNEUMONIA. In one 8vo. vol. of 500 pages. Cloth, $3. 

| Peso iea (WILLIAM). A SYSTEM OF MIDWIFERY. Incelud- 
ing the Diseases of Pregnancy and the Puerperal State. Third 
American, from the Third English Edition. With additions, by 
J. S. Parry, M.D. In one very handsome 8vo. vol. of nearly 800 
pages and over 200 illustrations. Cloth, $4 50; leather, $5 50; - 
very handsome half Russia, $6. (Just ready.) 


) Fae warocnel (C.G.) PHYSIOLOGICAL CHEMISTRY. Translated by 
George F. Day, M.D. With plates, and nearly 200 illustrations. 
In two large 8vo. vols., containing 1200 pages. Cloth, $6. 


—— A MANUAL OF CHEMICAL PHYSIOLOGY. In one very 
handsome 8vo. vol. of 336 pages. Cloth, $2 25. 


Geers (GEORGE). INJURIES OF THE EYE, ORBIT, AND EYE- 
LIDS, with about 100 illustrations. From the last English edition. 
In one handsome 8vo. vol. Cloth, $3 50. 

UDLOW (J. L.) A MANUAL OF EXAMINATIONS UPON ANA- 
TOMY, PHYSIOLOGY, SURGERY, PRACTICE OF MEDICINE, 
OBSTETRICS, MATERIA MEDICA, CHEMISTRY, PHARMACY, 
AND THERAPEUTICS. To which is added a Medical Formulary. 
Third edition. In one royal 12mo. vol. of over 800 pages. Cloth, 
$3 25; leather, $3 75. 

1a (W. F:) A NARRATIVE OF THE UNITED STATES EX- 
PEDITION TO THE DEAD SEA AND RIVER JORDAN. In one 
large octavo vol., with 28 beautiful plates and two maps. Cloth, $3. 
Same Work, condensed edition. One vol. royal 12mo. Cloth, $1. 


yo (ROBERT D.) A TREATISE ON FEVER. In one neat 8vo. 
vol. of 362 pages. Cloth, $2 25. 


_ (CHAS D.) ON THE NATURE, SIGNS, AND TREATMENT 
OF CHILDBED FEVER. Inone8vo.vol. of 365 pages. Cloth, $2. 


ILLER (JAMES), PRINCIPLESOF SURGERY. Fourth American, 
from the third Edinburgh edition. In one large 8vo. vol. of 700 
pages, with 240 illustrations. Cloth, $375. : 

——— THE PRACTICE OF SURGERY. Fourth American, from the 
last Edinburgh edition. In one large 8vo. vol. of 700 pages, with 
364 illustrations. Cloth, $3 75. 

My yesetecrerts (W. F.) AN EXPOSITION OF THE SIGNS AND 
SYMPTOMS OF PREGNANCY. From the second English edition, 
In one handsome 8vo. vol. of nearly 600 pages. Cloth, $3 75. 

Wyonet® (MALCOLM). SKIN DISEASES: Including their Defini- 
tions, Symptoms, Diagnosis, Prognosis, Morbid Anatomy, and 
Treatment. A Manual for Students and Practitioners, In one 
12mo. vol. of over 300 pages, with illustrations. Cloth, $1 75. 
(Just ready.) 
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ULLER (J.) PRINCIPLES OF PHYSICS AND METEOROLOGY. 
In one large 8vo. vol. with 550 wood-cuts, and two colored plates. 
Cloth, $4 50. 


1 beprwimneryctete TURKEY AND ITS DESTINY. In 2 vols. royal 
12mo. Cloth, $2. 


M4252 (MRS.) A HISTORY OF THE PROTESTANT REFORMA- 
TION IN FRANCE. In 2 vols. royal12mo. Cloth, $2. 


NAH (JOHN) AND SMITH (FRANCIS G.) COMPENDIUM OF 

THE VARIOUS BRANCHES OF MEDICAL SCIENCE. In one 
handsome 12mo. vol. of about 1000 pages, with 374 wood-cuts. 
Cloth, $4; leather, raised bands, $4 75. 


ETTLESHIP’S MANUAL OF OPHTHALMIC MEDICINE. In 
one royal 12mo. vol. of over 350 pp., with 89 illustrations. Cloth, 
$2. (Just ready.) 


LAYFAIR (W.8.) A TREATISE ON THE SCIENCE AND PRAC- 
TICE OF MIDWIFERY. Third American Edition, revised by the 
author. Edited, with Additions, by R. P. Harris, M.D. In one 
handsome octavo vol. of about 700 pages, with nearly 200 illustra- 
tions and two plates. Cloth, $4; leather, $5; very handsome half 
Russia, $5 50. (Now ready.) 


perry (F.W.) A TREATISE ON THE FUNCTION OF DIGESTION, 
ITS DISORDERS AND THEIR TREATMENT. From the second 
London ed. In one 8vo. vol. of 246 pp- Cloth, $2. 


P4AkRISH (EDWARD). A TREATISE ON PHARMACY. With many 
Formule and Prescriptions. Fourthedition. Enlarged and thoroughly 
revised by Thomas §. Wiegand. In one handsome 8vo. vol. of 977 
pages, with 280 illus. Cloth, $5 50; leather, $6 50; very handsome 
half Russia, $7. 


PreRiz (WILLIAM) THE PRINCIPLES AND PRACTICE OF SUR- 
GERY. In one handsome octavo volume of 780 pages, with 316 
illustrations. Cloth, $3 75. 


ULSZKY’S MEMOIRS OF AN HUNGARIAN LADY. In one neat 
royall2mo. vol. Cloth, $1. 


AGET’S HUNGARY AND TRANSYLVANIA. In two royal 12mo. 
vols. Cloth, $2. 


REYNOLDS (J. RUSSELL). A SYSTEM OF MEDICINE, with Notes 
and Additions. by Henry Harrsnorne, M.D. In three large 8vo. 
vols., containing over 3000 closely printed double-columned pages, 
with many illustrations. Sold only by subscription. Per vol., in 
cloth, $5; in leather, $6; very handsome half Russia, $6 50. (Jzst 
ready.) 

R.EMSEN (IRA). THE PRINCIPLES OF CHEMISTRY. In one 
handsome 12mo. vol. Cloth, $150. (Jwst issued.) 


eee (WILLIAM), A PRACTICAL TREATISE ON URINARY 

AND RENAL DISEASES. Third American, from the third re- 
vised and enlarged London edition. With numerous illustrations 
and acolored plate. In one very handsome 8vo. vol. of over 600 
pages. Cloth, $4. 


pees (FRANCIS H.) THE PRINCIPLES AND PRAC- 

TICE OF OBSTETRIC MEDICINE AND SURGERY..: In oneim.- 

perial 8vo. vol. of 650 pages, with 64 plates, besides numerous wood- 
cutsinthe text. Strongly bound in leather, $7. 
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EILER (CARL). HANDBOOK OF DIAGNOSIS AND TREATMENT 
OF DISEASES OF THE THKOAT AND NASAL CAVITIES. In 
onesmall 12mo. vol., with illustrations. Cloth, $1. (Now Ready.) 


ghee oy, (EDWARD ALBERT). A COURSE OF PRACTICAL HIS- 
TOLOGY: A Manual of the Microscope for Medical Students. In 
one handsome octavo vol. Withmanyillust. Cloth, $2. (Jwst Isswed.) 
MITH (HENRY H.) AND HORNER (WILLIAME.) ANATOMICAL 
ATLAS. Illustrative ofthe structure ofthe Human Body. In onelarge 
imperial 8yo. vol., with about 650 beautiful figures. Cloth, $4 50. 


jStemson (LEWIS A.) A MANUAL OF OPERATIVE SURGERY. 
In one very handsome royal-12mo volume of 488 pages, with 332 
illustrations. Cloth, $250. (Just issued.) 


WAYNE (JOSEPH GRIFFITHS). OBSTETRIC APHORISMS. A 
new American, from the fifth revised English edition. With addi- 
tions by E. R. Hutchins, M.D. In one small 12mo. vol. of 177 pp., 
with illustrations. Cloth, $1 25. 


sy Rin (OCTAVIUS). AN INTRODUCTION TO THE STUDY 
OF CLINICAL MEDICINE. In one 12mo. vol. Cloth, $1 25. 


Sate (EUSTACE), ON THE WASTING DISEASES OF CHILDREN. 
Second American edition, enlarged. Inone8vo. vol. Cloth, $2 50. 


HARGENT (F.W.) ON BANDAGING AND OTHER OPERATIONS 
OF MINOR SURGERY. New edition, with an additional chapter 
on Military Surgery. In one handsome royal 12mo. vol. of nearly 
400 pages, with 184 wood-cuts. Cloth, $1 75. 
MITH (J. LEWIS). A TREATISE ON THE DISEASES OF IN- 
FANCY ANDCHILDHOOD. Fourth Edition, revised and enlarged. 
In one large Svo. volume of 758 pages, withillustrations. Cloth, 
$4 50; leather, $5 50; very handsome half Russia, $6. 


HARPEY (WILLIAM) AND QUAIN (JONES AND RICHARD). 
HUMAN ANATOMY. With notes and additions by Jos. Leidy, 
M.D., Prof. of Anatomy in the University of Pennsylvania. In two 
large 8vo. vols. of about 1300 pages, with 51 lillustrations. Cloth, $6. 

CHMITZ AND ZUMPT’S CLASSICAL SERIES. In royal 18mo. 
CORNELII NEPOTIS LIBER DE EXCELLENTIBUS DUCIBUS 
EXTERARUM GENTIUM, CUM VITIS CATONIS ET ATTICI. 
With notes, &. Price in cloth, 60 cents; half bound, 70 cts. 


Cc. 0. SALLUSTII DE BELLO CATILINARIO ET JUGURTHINO. 
With notes, map, &c. Price incloth, 60 cents; half bound, 70 cents. 


Q. CURTII RUFII DE GESTIS ALEXANDRI MAGNI LIBRI VIII. 
With notes, map, &c. Pricein cloth, 80 cents; half bound, 90 cents. 


P. VIRGILII MARONIS CARMINA OMNIA. Price in cloth, 85 
cents; half bound, $1. 


ADVANCED LATIN EXERCISES, WITH SELECTIONS FOR 
READING. Revised. Cloth, price 60 cents; half bound, 70 cents. 


QaEY (FREDERIC C.) OPERATIVE SURGERY. In one 8vo. vol. 
of over 650 pages, with about 100 wood-cuts. Cloth, $3 25. 


LADE (D.D.) DIPHTHERIA; ITS NATURE AND TREATMENT. 
Second edition. In one neat royal 12mo. vol. Cloth, $1 25. 


. (EDWARD). CONSUMPTION; ITS EARLY AND REME 
DIABLE STAGES. In one 8yo. vol. of 254 pp. Cloth, $2 25. 
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a (ALFRED). THERAPEUTICS AND MATERIA MEDICA. 

Fourth edition, revised and enlarged. In two large and handsome 

volumes 8vo. Cloth, $10; leather, $12; very handsome half Russia, 
$13. 


ge (ALFRED) AND MAISCH (JOHN M.) THE NATIONAL 

DISPENSATORY: Embracing the Chemistry, Botany, Materia 
Medica, Pharmacy, Pharmacodynamics, and Therapeutics of the 
Pharmacopeeias of the United States and Great Britain. For the 
Use of Physicians and Pharmaceutists. Second edition, revised 
and enlarged. In one handsome 8vo. vol., of 1680 pages, with 239 
illustrations. Cloth, $6 75; leather, $7 50; very handsome half 
Russia, $8 25. (Now ready.) 


peas BOOKS ON GREAT SUBJECTS. In3vols. Cloth, $1 50. 


Leese (FREDERICK) AND MEDLOCK (HENRY). WONDERS 

OF NATURE. Anelementary introduction to the Sciences of Physics, 

Astronomy, Chemistry, Mineralogy, Geology, Botany, Zoology, 

and Physiology. Translated from the German by H. Medlock. In 
one neat 8vo. vol., with 679 illustrations. Cloth, $3. 


QTOKES (W.) LECTURES ON FEVER. Inone 8vo. vol. Cloth, $2. 


TRICKLAND (AGNES). LIVES OF THE QUEENS OF HENRY 
THE VIII. AND OF HIS MOTHER. In one crown octavo vol. 
Extra cloth, $1; black cloth, 90 cents. 


MEMOIRS OF ELIZABETH, SECOND QUEEN REGNANT OF 
ENGLAND AND IRELAND. Inonecrown octavo vol. Extracloth, 
$140; black cloth, $1 30. 


ANNER (THOMAS HAWKES). A MANUAL OF CLINICAL MEDI- 
CINE AND PHYSICAL DIAGNOSIS. Third American from the 
second revised English edition. Edited by Tilbury Fox, M.D. In 
one handsome 12mo. volume of 366 pp. Cloth, $1 50. 


ON THE SIGNS AND DISEASES OF PREGNANCY. From 
the second English edition. With four colored plates and numerous 
illustrations on wood. In one vol. 8vo. of about 500 pages. Cloth, 
$4 25. 


ht (DANIEL HACK). INFLUENCE OF THE MIND UPON THE 
BODY. In one handsome 8vo. vol. of 416 pp. Cloth, $3 25. 


AYLOR (ALFRED 8.) MEDICALJURISPRUDENCE. Eighth Amer- 
ican edition, revised by the author. Edited by John J. Reese, 
M.D. In one large 8vo. volume of 933 pages, with 70 illustrations. 
Cloth, $5; leather, $6; very handsome half Russia, $650. (Now 
ready.) 

PRINCIPLES AND PRACTICE OF MEDICAL JURISPRU- 

DENCE. From the Second English Edition. In two large 8vo. 

vols. Cloth, $10; leather, $12. 


ON POISONS IN RELATION TO MEDICINE AND MEDICAL 
JURISPRUDENCE. Third American from the Third London Edi- 
tion. 1 vol. 8vo. of 788 pages, with 104 illustrations. Cloth, $5 50; 
leather, $6 50. (Just issued.) 


pRowas (T. GAILLARD). A PRACTICAL TREATISE ON THE 
DISEASES OF FEMALES. Fifth edition, thoroughly revised and. 
rewritten. In one large and handsome octavo volume of 806 pages, 
with 266 illustrations. Cloth, $5; leather, $6; very handsome half 
Russia, $6 50. (Now ready.) : 
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a ie (ROBERT BENTLEY). CLINICAL LECTURES ON CERTAIN 
ACUTE DISEASES. In one vol. 8vo. of 320 pp., cloth, $2 50. 

i ipgersey ee (SIR HENRY), THE PATHOLOGY AND TREATMENT 
OF STRICTURE OF THE URETHRA AND URINARY FISTULA. 
From the third English edition. In one 8vo. vol. of 359 pp., with 
illustrations. Cloth, $3 50. 

HOMPSON (SIR HENRY). CLINICAL LECTURES ON DISEASES 
OF THE URINARY ORGANS. Second and revised edition. In 
one 8vo. volume, with illustrations. Cloth, $225. (Just issued.) 


WAsee (W. H.) PRACTICAL TREATISE ON THE DISEASES 

OF THE HEART AND GREAT VESSELS. Third American from 
the third revised London edition. In one 8vo. vol. of 420 pages. 
Cloth, $3. 

Wy arroe (THOMAS). LECTURES ON THE PRINCIPLES AND 
PRACTICE OF PHYSIC. A new American from the fifth and en- 
larged English edition, with additions by H. Hartshorne, M.D. In 
two large and handsome octavo volumes. Cloth, $9; leather, $11. 


OHLER’S OUTLINES OF ORGANIC CHEMISTRY. Translated 
from the 8th German edition, by Ira Remsen, M.D. In one neat 
12mo. vol. Cloth, $3 00. (Lately issued.) 

ba (J. SOELBERG). A TREATISE ON THE DISEASES OF 
THE EYE. Third edition, enlarged and thoroughly revised by 
Chas. S. Bull, A.M.,M.D. Inone largeand handsome octavo vol. 
of 895 pages, with 6 colored plates and 254 wood-cuts, also selec- 
tions from the test-types of Jaegerand Snellen. Cloth, $5; leather, 
$6; very handsome half Russia, $6 50. (Now ready.) 


ws (CHARLES). LECTURES ON THE DISEASES PECULIAR 
TO WOMEN. Third American from the Third English edition. In 
one octavo volume of 550 pages. Cloth, $3 75; leather, $4 75. 


LECTURES ON THE DISEASES OF INFANCY AND CHILD- 

HOOD. Fifth American from the sixth revised English edition. In 

one large &vo. vol. of 670 closely printed pages. Cloth, $4 50; lea- 

ther, $5 50. (Just tssued.) 

ON SOME DISORDERS OF THE NERVOUS SYSTEM IN 

CHILDHOOD. From the London Edition. In one small 12mo. 
volume. Cloth, $1. 

Wwe (CHARLES J.B. andC.T.) PULMONARY CONSUMP- 
TION: ITS NATURE, VARIETIES, AND TREATMENT. In 
one neat octavo volume. Cloth, $2 50. 

Pore (ERASMUS). A SYSTEM OF HUMAN ANATOMY. A 
new and revised American from the last English edition. Lllustrated 
with 397 engravings on wood. In one handsome 8vo. vol. of over 
600 pages. Cloth, $4; leather, $5. 

THE STUDENT’S BOOK OF CUTANEOUS MEDICINE. In 

one handsome royal 12mo. vol. Cloth, $3 50. 


INCKEL ON PATHOLOGY AND TREATMENT OF CHILDBED. 
With Additions bythe Author. Translated by Chadwick. In one 
handsome octavo volume of 484 pages. Cloth, $4. (Just issued.) 


OODBURY (FRANK). A HANDBOOK OF THE PRINCIPLES 
AND PRACTICE OF MEDICINE. In one royal 12mo. volume. 
(Preparing.) 
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